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Abstract. Three intervals of polar patch formation, as ob- elevated electron density for several hours, even when they
served by the CUTLASS Finland HF coherent radar, are preenter regions of low solar production, such as the night-
sented. Simultaneous observations from a vertical ionosondside ionosphere. That a “tongue of ionisation” should be
located at Longyearbyen on Svalbard, situated in the daysiddrawn from sunlit mid-latitudes, through the cusp region,
convection throat region, allow for F-region plasma struc-and into the polar cap is relatively well established (Knud-
turing, leading to polar cap patch formation to be deter-sen, 1974). However, controversy still surrounds the con-
mined. Solar wind and interplanetary magnetic field (IMF) tribution to the plasma enhancement from soft precipitation
pre-cursors of polar patch formation are investigated within the cusp region (for instance, most recently, Walker et
MFI and SWE measurements from the Wind spacecraft. Weal., 1999), and the means by which the plasma becomes
find that in the cases studied polar cap patches are formestructured into “patches” or “blobs” as opposed to a uni-
in response to changes in the orientation of the IMF, espeform “tongue”. Three rival mechanisms by which this struc-
cially in the By component. The resultant changes in the turing could arise are exemplified by the following studies.
dayside convection pattern alter the source of plasma driftBased on modelling work, Anderson et al. (1988), Sojka et
ing through the convection throat region into the polar cap.al. (1993), and Decker et al. (1994) demonstrated that patches
When the convection flow is directed predominantly pole- could be formed through changes in the convection pattern,
wards, high density sub-auroral or mid-latitude plasma en-under the influence of variations in the interplanetary mag-
ters the polar cap; when flow is directed zonally, low density netic field (IMF), especially in theBy component. Lock-
plasma entrained in the convection return flow replaces itwood and Carlson (1992) suggested that a time-varying re-
This mechanism can act to significantly structure the plasmaonnection rate, or the transient occurrence of flux trans-
density at sub-auroral or mid-latitudes as well as in the polarffer events (FTES), could act as a structuring mechanism.
cap. In winter months, polar patches appear to be producetlastly, it has been suggested that the electron density de-
by depletions in an otherwise high plasma density tongue opletion between patches could arise from rapid plasma drift
ionisation. In summer months, patches are enhancements @ short-lived east-west flow channels located in or near the
an otherwise low density tongue of ionisation. cusp region, producing enhanced ion-frictional or Joule heat-
ing and hence an enhanced plasma recombination rate (Val-
ladares et al., 1994; Rodger et al., 1994). These flow chan-
nels would be produced by FTEs, and hence this mechanism
is also associated with transient reconnection. The present
study investigates three intervals during which polar patch
1 Introduction formation was observed by an HF coherent radar, the Fin-
. . ) land station of the CUTLASS system. HF radars are becom-
Polar patches are regions of F-region eIecFron density Nihg increasingly employed for the study of polar patches,
hanced above a lower background level which propagate inyn the reader is directed to several recent studies, includ-
the antisunward convection flow across the p(_)lar cap frommg Rodger et al. (1994), Ogawa et al. (1998), Rodger and
a source near the cusp region towards the nightside aurqsraham (1996), and Rodger and Rosenberg (1999), for a
ral zone (Buchau et al., 1983; Weber et al., 1984; see alsqjscssion of the correlation between radar backscatter and
the review by Crowley,' 1996). Due to the long Ilfetlm.e of polar patches. The Finland radar field-of-view overlooks a
plasma at F-region altitudes, these patches can retain thejfetica| jonosonde located at Longyearbyen on Svalbard. At
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‘ ~ view of the CUTLASS Finland radar
330°F 345°F 0°F 15°F 30°F system. Also indicated are the lo-

cations of the Longyearbyen, Tromsg,
and Narssarssuaq vertical ionosondes
employed in the study. Line-of-sight
plasma drift velocities from the radar
scan starting 08:36 UT, on 27 February
1999, are presented. The statistical oval
and solar zenith angles for this time are
superimposed. The lower panel shows
the same radar scan presented in a mag-
netic latitude and magnetic local time
format. Beam-swung vectors are super-
imposed.

der the auroral oval and cusp region, and hence is ideally5 km in length, within which Doppler velocity (the line-
situated for studying patch formation in situ. Supporting ob- of-sight component of the plasma drift velocity), backscatter
servations are provided by two ionosondes located at lowepower, and spectral width are resolved when backscatter with
latitudes, at Narssarssuaq on Greenland and Tromsg in Nosufficient signal-to-noise ratio is observed. The reader is di-
way. In addition, the solar wind and IMF conditions that rected to Milan et al. (1997b) for a fuller description of the
give rise to polar patch formation are determined by mea-system. In the examples shown in this study, the radar was
surements made by the Wind spacecraft. The first intervabperating at a frequency of 12 MHz. As discussed by Milan
studied, during winter-spring conditions, is found to be re- et al. (1998), the condition necessary for observation of sig-
markably similar to that investigated by Rodger et al. (1994),nificant backscatter in a particular radar cell is a convolution
indicating the reproducibility of this polar patch formation of two factors: the presence of ionospheric irregularities at
scenario. However, some question is raised as to the exathat point and favourable propagation conditions which al-
plasma structuring mechanism at work. The second two exfow the radar beam to illuminate the ionosphere at that point.
amples come from summer and summer-autumn conditionsn the examples shown, propagation does not appear to be a
and again show a consistent mechanism for polar patch forlimiting factor, and backscatter can be observed throughout
mation. We conclude that plasma structuring due to changethe field-of-view when irregularities are present.

in the convection pattern under the influence of the IMF is

the dominant mechanism at work in these examples. 2.1 Interval 1

The first interval studied is on 27 February 1999, between
2 Observations and discussion 06:00 and 10:00 UT, when the radar was located near local

noon. In Fig. 1a, the Doppler velocity measured during the
The main instrument employed in this study is the CUT- scan starting at 08:36 UT is illustrated. In Fig. 1b, this same
LASS Finland coherent HF radar, the field-of-view of which scan is presented in a magnetic latitude and local time for-
is illustrated in Fig. 1a. The radar scans through 16 beamsnat, as will all subsequent spatial maps of backscatter. We
(numbered clockwise from 0 to 15), producing & 32imuth  will return to the interpretation of these observations later on,
scan every 2 min. Each beam is gated into 75 range cellshut for the present suffice it to say that positive (negative) ve-
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locities represent plasma drift towards (away from) the radarterval ground clutter is observed at low ranges. Poleward
along the line-of-sight. At the near ranges, the region ofof this, between 07:00 and 09:40 UT, is &23° wide, con-
backscatter indicated in grey corresponds to ground cluttertinuous region of ionospheric backscatter. Several previ-
identified by near-zero velocity and low spectral width (seeous authors have demonstrated that backscatter of this na-
Milan et al., 1997b). Superimposed on Fig. 1b are flow vec-ture is usually co-located with the optical auroral oval, as
tors determined by a beam-swinging technique, as describedbserved from ground-based imagers (Rodger et al., 1995;
by Ruohoniemi et al. (1989). These vectors indicate that aMilan et al., 1999a, 1999b) or satellite-bourne imagers (Mi-
lower magnetic latitudes, 7577, the flow has a significant lan et al., 2000). Following this lead, we identify this region
eastward component. Polewards of this, the flow has rotatedf backscatter as the dayside auroral oval. This interpreta-
to point antisunwards. These flows will be described in moretion is lent credence in Fig. 1, where this region of backscat-
detail below. ter, just poleward of the ground clutter, is found to be closely

The time evolution of the backscatter is shown in the CO-located with the statistical auroral oval. Between 07:40
top three panels of Fig. 2, which illustrate the backscatterand 09:10 UT the spectral width of this backscatter is of the
power, line-of-sight velocity, and spectral width from beam order of 300 ms* and above, a signature of the ionospheric
6, presented in a latitude-time format. Throughout the in-footprint of the cusp region (Baker et al., 1990, 1995).
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Fig. 3. An expanded view of the plasma drift latitude-time plot of Fig. 2, along withRhecomponent of the IMF. Vectors calculated with
a beam-swinging technique are superimposed on the plasma drift velocities. Vectors pointing towards the top and right of the panel indicate
flow directed northwards and eastwards, respectively.

The next three panels of Fig. 2 illustrate the interplane-propagating backscatter features observed poleward of the
tary magnetic field (IMF) orientation, in GSM coordinates, auroral oval. Features of this nature have previously been
as measured by the Magnetic Fields Investigation (MFI) in-identified as polar cap patches by Rodger et al. (1994). Sev-
strument on board the Wind spacecraft. The bottom twoeral patches are observed through out the interval, but this
panels indicate that the solar wind speed and dynamic presstudy will concentrate on the three present between 07:50
sure, measured by the Solar Wind Experiment (SWE) in-and 09:40 UT, as these originate at relatively low-latitudes
strument, remain relatively constant neaB00kms®t and  and hence remain within the field-of-view of the radar for
4nPa, respectively, throughout this interval. At this time the longest time. These patches have been given the iden-
Wind is located downsteam of the Earth, though outsidetifying letters A to C to aid discussion. Each patch drifts
the magnetopause and magnetosheath, pgar, Z] = polewards with a velocity of 500 nT$, commensurate with
[-47REg, —49Rg, —4Rg]. Given the solar wind speed, the the plasma drift velocity within the patches. This strongly
magnetospheric response to changes in the IMF are expectesiggests that each patch is drifting within the background
to be observed approximately 20 min before these featuresonvection flow. In the same manner to the patches observed
reach the Wind location; the IMF and solar wind time seriesby Rodger et al., the spectral widths within the patches start
in Fig. 2 have been shifted accordingly. This timing can behigh after their inception, comparable with those of the cusp
verified by comparing the radar observations of the aurorakegion, but decrease to low levels as the patches progress to
oval with the B component of the IMF. Prior to 07:40UT higher latitudes. Interestingly, the backscatter power is great-
the equatorward edge of the auroral oval is located near a latest near the trailing edges of the patches. In Fig. 1, patch B
itude of 79. Then, between 07:40 and 08:10 UT, this auroral is observed as the region of backscatter poleward of the au-
boundary progresses equatorward, to nedrl&tude. The roral oval. The spatial extent of this patch is also typical of
start of this equatorward motion is found to correspond toA and C, being approximately°’5~ 550 km) in latitudinal
a sharp southward turning of the IMF (indicated by vertical width and 1000 km across.
dot-dashed line). This can then be understood as the auroral
response to a switch-on of reconnection at the dayside mag- Patches A, B, and C are formed during an interval when
netopause and the resultant accumulation of new open flukMF Bz remains uniform nea#12nT for 50 min. During
in the polar cap. This correspondence between the IMF andhis same interval there is a trend in IMFy from small and
auroral observations, and others that will be discussed belowPOsitive to small and negative. However, superimposed on

give confidence in the assumed solar wind propagation delayihis trend are a couple of excursions to positive and negative
By (indicated by vertical dashed lines). We suggest that these

Most interesting during this interval are the poleward- variations inBy are partially responsible for modulating the
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patch formation, in much the same way that was proposed bylirected towards the pole for the duration of its life within the
Rodger et al. (1994). This is supported by Fig. 3 which showsfield-of-view of the radar. At approximately 08:10 UBy

a close-up of the radar observations of the polar patchessteps to more positive values, and the flow within the cusp
with superimposed flow vectors determined by the beam+egion becomes directed westward once again. This is ac-
swinging technique first introduced in Fig. 1b. Of greatestcompanied by a detachment of the polar patch from the cusp
importance to the patch formation are the flows imaged inbackscatter. Shortly after, at 08:20 UBy steps abruptly
the 7578 latitudinal region, i.e. within the auroral oval. to small and negative values and the flow within the cusp
At the start of this interval, near 07:30 UT, the flows within rotates to the north and slightly to the east. This poleward
this region are directed westwards and polewards. Such flowplasma drift once again leads to the poleward progression of
is consistent with the expected direction of plasma drift in backscatter, this time forming patch B. In a similar manner
the vicinity of the cusp region, on recently reconnected fieldto patch A, this second detaches itself from the auroral oval
lines acting under the magnetic tension force exerted by thevhen By turns positive and flow within the cusp region be-
IMF when the By component is positive. Poleward of this comes significantly zonal, first eastward and then westward,
region the plasma drift becomes more directed towards thafter 08:30 UT. The formation of patch C follows very sim-
pole. As the time approaches 08:00 UT aBy approaches ilar lines in that an abrupt negative turning of IMBy at
0nT, the flow in the cusp region rotates towards the pole. At08:40 UT leads to a rotation of flow through north to east;
this time polar patch A begins to progress polewards; therewhen the flow is directed northward, backscatter is entrained
after, the direction of plasma flow within the patch remains within it and is carried into the polar cap. The detachment of
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N K vV Leading edge peak plasma frequency above the.ionosonde at thgse times
+ VN lonosphere stable is between 3 and 4MHz, a drop in electron density by a
T to ExB instability: factor of ~5 from the background F-region. These spread
.— Low backscatter power ionograms are in contrast to the coherent, well-defined off-
l or absence of backscatter vertical traces seen at other times (the second, “higher al-
L titude” trace in each case), for instance 07:35 and 08:50 UT,
I ‘\ Trailing edge which probably indicates a large-scale gradient, located away
lonosphere unbs_ltlab_le from zenith, acting as a smooth reflector. Had the ionosonde
VNe Hitgohiégklsrc]it%r Iplct)%//v.er sounded with higher time resolution it would have been pos-
sible to follow the range-variation of these off-vertical traces
\r ®—E in order to determine the motion of the reflecting surfaces.
B As it is, we can conclude that: at times the electron density

_ o o _ above the ionosonde is severely depleted and at these times
Fig. 5. A schematic diagram indicating the region of the polar yery spread and weak ionograms are observed; as these de-
pat_ches most likely to give rise to |onosph_er|c |rregul_ar|t_|es from pletions propagate away from the ionosonde, the large-scale
which the ”f‘daf can scatteB Is the_terrc_estnal magnetic f_'ekE electron density gradients associated with them act as reflec-
the convection electric fieldy the direction of plasma drift, and . . . . .

tors which can give rise to off-vertical reflections, seen as

k the radar wave vectoV N, indicates the direction of horizontal d . h f d ibed
plasma density gradients at the leading and trailing edges of the po‘§l second F-region trace. The sequence of events describe

lar patch. Irregularity generation occurs whéfend VN, have a ~ Nere is shown schematically in Fig. 11 (denoted “winter”).
para||e| component, i.e. atthe trai“ng edge of the patch. To find the relat|0nsh|p between the ionosonde measure-

ments and the radar patches, we can extrapolate back the

location of the trailing edge of each patch to find the time
this patch from the main oval has no obvious IMF precursor,at which this crossed a latitude of 7%he location of the
but seems to occur when the cusp flow, under the influence ofbnosonde. Doing so indicates that the trailing edge of the
ongoing negativeBy conditions has rotated fully toward the patches in all three cases correlates very well with the times
east. Careful examination of the flows near the detachmenat which weak and spread ionograms — indicative of de-
of patch B suggests that there again, the backscatter appegpteted F-region electron densities — were observed by the
to detach from the cusp as the cusp flow rotates away fromonosonde. The gaps between the radar patches correspond,
poleward, towards the east, shortly before the negative excutthen, to electron density depletions. From this, the electron
sion of By drives westward plasma drift, as will be discussed density structure within the patches can be predicted to be an
further below. In summary, the creation of each patch ap-equatorward-directed electron density gradient at the leading
pears associated with a rotation of flow in the cusp regionedge and a poleward-directed gradient at the trailing edge,
from westward, through northward, to eastward. as illustrated schematically in Fig. 5. This is consistent with

Now we turn to measurements made by the vertical iono-the observed backscatter power enhancement at the trailing

spheric sounder located at Longyearbyen, at a magnetic latiedge of the patches, as the ionosphere is unstable (stable) to
tude of 758 (see Fig. 1). Examination of Figs. 1 and 2 indi- the E x B (or gradient drift) instability wheV N, is parallel
cates that this location corresponds to the equatorward edg@nti-parallel) to the direction of plasma drift (e.g. Cerisier
of the cusp radar backscatter. In other words, the ionosondet al., 1985). Backscatter is observed throughout the patches,
is located very near to the region in which the patches arebut the irregularities appear with the greatest cross section at
formed, and hence gives important information regardingthe trailing edges.
this formation process. Figure 4 presents a sequence of iono- The question then remains as to what is the causative factor
grams from 07:15 to 09:10 UT, each separated by 5 min. Inin producing these depletions in the F-region electron den-
general, the ionograms are well defined, indicating a maxsity. In the model of Rodger et al. (1994) these depletions are
imum F-region plasma frequency,F2, between 7.5 and produced by narrow east-west aligned channels of enhanced
10 MHz, and an F-region altitude near 250 km. Exceptionsflow — up to 3kms? — in the cusp region. Such channels,
to this rule occur at 07:55, 08:30-08:35, and 09:05 UT. Atknown as flow channel events or FCEs, were first reported
these times, the return power reduces significantly, the Fby Pinnock et al. (1993), and are thought to be associated
region traces become much more spread, and the F-regiowith transient dayside reconnection. Rodger et al. (1994) hy-
altitude appears to increase to above 300 km. We interprepothesised that the high electric field associated with FCEs
this signature as a significant decrease in the F-region elegroduced elevated ion temperatures and hence a high iono-
tron density above the ionosonde. Any returns observed aspheric recombination rate, leading to electron density deple-
the higher frequencies then originate at locations away frontion. However, although zonal flow bursts are observed dur-
zenith, reflected from horizontal gradients in the F-regioning the present interval, the flow speed associated with these
electron density. These returns will have slant ranges greateshannels reaches no higher than 1 to 1.5k 9One such
than the height of the undisturbed F-region, and hence apFCE is indicated in Fig. 1, in the backscatter associated with
pear on the ionogram to be reflected from higher altitudesthe auroral oval. In this, with a®lto 2° width, the line-of-
There is evidence, certainly at 08:30 and 09:05 UT, that thesight velocities vary relatively smoothly from approximately
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500 m st in the western-most beams+600 ms ! towards  source of ionospheric plasma entering the polar cap through
the east. This indicates that the flow within this channelthe cusp region, and hence modulate the polar cap F-region
is predominantly zonal, with a velocity of approximately electron density. For instance, when flow through the cusp
1kms 1. At this time polar patch B has just detached from region is directed predominantly poleward, the ionospheric
the auroral oval scatter, and the Longyearbyen ionosonde iplasma entering the polar cap originates from sunlit sub-
observing a depleted F-region. The ion frictional heating as-auroral latitudes. Figure 1a has superimposed upon it con-
sociated with plasma drift of this velocity (corresponding to tours of solar zenith angle. At this time, Longyearbyen and
an electric field of 50 mvV m?) is not thought to be suffi- the cusp region are located close to the solar terminator, at
cient to produce a very significant electron density depletion.a solar zenith angle of 90 For a short distance poleward
Modelling work by Schunk et al. (1975) suggests that electricof this, the ionosphere is still sunlit, but the undisturbed F-
fields of the order of 200mV mt (4kms™1) are required to  region electron density falls off rapidly. This can be seen
produce an F-region density depletion by a factor of 5. by examining ionograms from the Narssarssuag ionosonde,
which at this time is at a solar zenith angle of 1Q@ee

An alternative interpretation is that variations in the con- Fig. 1a). Between 07:00 and 10:00 UT,F2 at LYR and
vection pattern, under the influence of the IMF, change the ¢
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1 September 1999 vection pattern, as suggested by Rodger et al. (1994).

1114 UT 12wt 1116 UT 2.2 Interval 2

We now turn our attention to a second interval, 09:00 to
13:30 UT, on 1 September 1999. During this interval the cusp
is fully iluminated by the Sun, the zenith angle at Longyear-
byen is close to 70 This interval is displayed in Fig. 6, in
the same format as Fig. 2 with one slight difference: the top
three panels all display a line-of-sight velocity, but from three
different beams, 4, 7, and 15. The CUTLASS observations
will be described first.

A narrow region of ground backscatter is observed near
72 latitude. This ground scatter is observed in the rear-
lobe of the radar antenna pattern (see Milan et al., 1997a),
and is of little importance to the following discussion. Just
poleward of this region, between approximately @d 75
latitude, is a region of ionospheric backscatter with large
negative Doppler shifts, which we identify as the auroral
oval. Interestingly, within this auroral scatter is evidence
of quasi-periodic (10 min) small-scale poleward-moving fea-
tures, especially during the intervals 09:00 to 09:40 UT and
11:20 to 12:00UT in beam 4. These are the signatures
of transient dayside reconnection, or flux transfer events
(FTEs), as described by, for instance, Provan et al. (1998).
These small-scale features stand in stark contrast to the large-
scale poleward-moving features observed between 10:55 and
11:35 UT, the polar patch which is the focus of this interval
of study. While the FTEs propagate polewards, on average,
by 3 of latitude, this patch is observed to cover a latitudinal
range of over 12 As can be seen best in beam 7, this first
involves a significant equatorward step in the location of the
auroral backscatter, from 720 68 latitude. This will be
discussed in more detail below.

The last region of backscatter to be discussed is another
region of ground backscatter, observed predominantly be-
Fig. 7. A sequence of six radar scans, with superimposed beamtween 09:20 and 11:20 UT, and also after 12:40 UT, located
swung vectors, showing the interval during which the 1 Septemberat |atitudes poleward of the auroral backscatter. The ACF
1999 polar patch was formed. analysis technique has not positively identified this region of

backscatter as ground clutter, but we are confident in this in-

terpretation due to the low Doppler velocity of the backscat-
NSQ has values of approximately 8—10 MHz and 3—-4 MHz, ter, and by comparison with the previous and following days
respectively, a factor of 6 in electron density. An eastwards-of observation. Interestingly, at the time of the formation of
directed flow channel in the convection return flow region the polar patch, this region of ground backscatter also moves
would take~ 15min to convect low density plasma from poleward, disappearing at far ranges at 11:15UT, and later
the vicinity of NSQ into the high background plasma den- reappearing at far ranges after 12:40 UT and progressing to
sity regime near LYR. Equally, a westwards-directed flow nearer ranges.
channel would have the same effect, drawing low density Figure 7 presents six scans of the radar between 11:14 and
plasma from the dawn sector into the cusp region. Thus]11:26 UT, around the time of the formation of the polar patch,
plasma transport could play a significant role in producingprojected onto magnetic latitude and MLT coordinates. Only
variations in F-region electron density above the Longyear-ionospheric backscatter is shown and beam-swung vectors
byen ionosonde. It is probable that both mechanisms, transare superimposed. Prior to 10:50 UT, the only backscatter
port and plasma depletion in enhanced flow channels, leadpresent is a band of auroral scatter near the location of the
to structuring of the ionospheric plasma entering the polarstatistical oval superimposed on each panel. After this time,
cap. These flow channels appear to be driven by the maghowever, a region of backscatter formed at lower latitude —
netic tension force exerted by tily component of the IMF,  the equatorward step in the auroral backscatter mentioned
associated with asymmetry in the well-known twin-cell con- above — is seen in Fig. 7, just poleward of northern Scandi-
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navia. Within this backscatter, at 11:14 UT, it is revealed thatdensity originated at mid- or sub-auroral latitudes, was car-
the convection pattern has extended to low-latitudes, allow+ied poleward by the enlarged convection pattern, and was
ing plasma from mid- or sub-auroral latitudes to gain entrythen broken off by a flow channel containing low density
into the polar cap through the cusp region. The convectiorplasma originating at higher latitudes. This model requires
velocity at this time is near 1 knT$. Entrained within this  that the ionosphere in the vicinity of northern Scandinavia
flow, the poleward edge of the backscatter begins to progreskad f,F2~ 6 MHz at the start of the interval. Indeed, this is
to higher latitudes at this time. Between 11:18 and 11:22 UT the case as the ionosonde located at Tromsg meagyired
a higher velocity, 1.7 kms!, channel of east-west zonal flow = 6.8 MHz at 10:36 UT. Interestingly, a decreasgiff2 was
develops between 7hnd 73 latitude, the plasma flow now thereafter observed, reaching a value of 5.4 MHz (a decrease
mainly skirting around the oval. At this time, the plasma to 60% of the original electron density) at 11:36 UT. The
flowing at auroral latitudes originates at high-latitudes, andionosphere did not recover back to 6.8 MHz until 12:48 UT.
not at mid-latitudes as before. A separation becomes apThis is consistent with the proposed model, as the high den-
parent between this flow channel and the backscatter polesity plasma convected polewards from Tromsg to form the
ward of it, and the polar patch becomes fully formed. Sub-polar patch must be replaced by low density plasma from
sequently (11:26 UT and after), this patch drifts further into the nightside ionosphere entrained within the convection re-
the polar cap. turn flow. The mid-latitude electron density then returns to
é'ts undisturbed level through solar insolation. Finally, this
decrease irf,F2 at Tromsg between 10:40 and 12:50 UT is
ionosphere hag, F2~ 4 MHz. Between 11:04 and 11:44 UT consistent with the radar obs_ervations of grognd bgckscatter
gt far ranges. The propagation mode by which this ground

an extension of the F-region trace is observed, extending t . o
foF2~ 6 MHz (the trace at higher frequencies is presumed toCIUtter is observed has a path midpoint near Tromsgf,A2

be thex-mode component). At first (11:04 to 11:14 UT) this decreases, the propagation “skip distance”, the nearest range

has the appearance of an extra ionospheric layer at very higH) which radar energy is refracted to the ground, increases

altitudes. Over time, this becomes assimilated with the pre-and the backscatter moves to further ranges A% recov-

existing F-region trace, which itself now extends up to 6 MHz ers, the sk_ip dis_tgnce decreases _ag_ain and the ground _clutter
(11:24 to 11:29 UT). Subsequently (11:34 to 11:44 UT), thereturns to .|ts qnglnal location. This is exactly the behaviour
F-region extension reappears. By 11:49 UT, the ionospher(gbserved in Fig. 6.

has returned to its original, undisturbed, state, witf2~ 4 The bottom panels of Fig. 6 show the simultaneous so-
MHz. We interpret this sequence of ionograms as indicatinglar wind and IMF measurements made at the Wind space-
that a region of high electron density appeared equatorwardraft ((X, Y, Z] = [80Rg, 19Rg, —10Rg]), time-shifted by

of the ionosonde near 11:00 UT, propagated poleward over solar wind propagation delay of 15min. Throughout the
the zenith of the ionosonde near 11:30 UT, thereafter contininterval the solar wind dynamic pressure and solar wind ve-
uing poleward until it was no longer observed after 11:50 UT. locity are approximately constant. Also, little variation is
The sequence is shown schematically in Fig. 11 (denotedbserved in IMFBZ, which takes values betweenl and
“summer”). We suggest that this region of enhanced plasma-5nT during the interval. The most significant upstream

The Longyearbyen ionosonde measurements from thi
time are shown in Fig. 8. At 10:59 UT, the undisturbed
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22 July 1999
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precursor of the polar patch formation appears to be a switctiar patch formation mechanism. At approximately 12:00 UT,
in IMF By from 5nT to—2nT and back to 5nT, observed be- a polar patch is seen to propagate towards the pole, away
tween 10:40 and 11:00 UT. It is apparently this variation in from scatter associated with the auroral oval. The formation
By which produces the change in the convection pattern thaof this patch occurs simultaneously with a significant change
draws mid-latitude plasma into the polar cap. It is not clearin the orientation of the IMF, a change in both thg and B,
what drives the flow channel that separates the polar patckomponents. Figure 10 shows a sequence of six scans from
from the auroral scatter, though this could be a signature ofLl1:52 to 12:12 UT. At the start of the interval, flow within
transient reconnection, as suggested by Rodger et al. (1994the cusp region is directed polewards, and backscatter en-
trained within the flow is convected into the polar cap. Af-
2.3 Interval 3 ter 12:06 UT, a significant east-west zonal component to the
flow develops in the auroral zone, though at no time does the
We now very briefly describe a final interval of interest, on 22 flow speed exceed 1 knt$, and at 12:12 UT, the polar patch
July 1999, illustrated in Fig. 9 in the same format as Fig. 6.iS seen to begin separating from the auroral scatter. This
This interval is very similar to that described above from 1 patch formation is accompanied by enhan¢g2 observed
September 1999, and illustrates the reproducibility of this po-by the Longyearbyen ionosonde, especially between 12:00
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and 12:10 UT. Again, during this interval, the polar patch 29 July 1999

formation mechanism appears to be as follows: when flow

is directed polewards through the cusp region, high density1152 UT

plasma from mid-latitudes enters the polar cap; when a zona[@ :
n

component to the plasma flow develops in the auroral zone
in response to changes in the IMF, the low density plasma
from a source near the solar terminator is convected into the
polar cap and the polar patch becomes separated from the®
auroral scatter.

3 Summary and conclusion

Three intervals of polar patch formation have been presented
In all three intervals, the mechanism leading to a structured
F-region plasma density in the polar cap appears the same. "
Following a change in the orientation of the IMF, usually
in the By component, the source of the plasma entering the
convection throat changes. When the plasma drift through
the cusp region is predominantly directed polewards, hight-
electron density plasma from mid- or sub-auroral latitudes!|
is convected into the polar cap. If the plasma drift in the |
cusp region becomes more zonal, low density plasma eny.. /
trained in the convection return flow then enters the polar cap, /
Such switching between plasma source regions produces the
structuring of the F-region plasma associated with polar cap
patches. This structuring introduces significant horizontal
electron density gradients into the ionosphere, within which
ionospheric irregularities develop through the action of the
gradient drift instability. It is these irregularities which are [
then visible in HF radar observations as they provide the tar-
gets from which such radars coherently scatter.
In winter months, the ambient electron density equator-
ward of the cusp region is relatively high, and the struc- | .
turing is primarily achieved by introducing depleted plasma |/
from the convection return flow. It is also possible that in |
situ depletion by high electric fields associated with flow
channel events is also significant, as suggested by Rodger €fg. 10. Similar to Fig. 7 for the 22 July 1999 interval.
al. (1994), but the drift velocities observed in the present case
are relatively low. In summer months, the ambient plasma
density in the cusp region is lower, and the structuring isconstituting an enlarged mid-latitude trough, extending from
achieved by drawing enhanced plasma densities from midthe dusk sector into the noon sector ionosphere, as predicted
latitudes into the polar cap. In other words, in summer, polarby Watkins (1978). In addition, the two examples presented
patches are enhancements of the polar cap tongue of ionfrom summer months argue against in situ production of en-
sation, whereas in winter, they are produced by depletiondhanced plasma densities in the cusp region through precip-
of the tongue of ionisation. These different mechanisms ardtation. The Longyearbyen ionosonde, located at cusp lati-
shown schematically in Fig. 11, along with the ionogram tudes, observes patches drifting towards the ionosonde from
traces expected, for comparison with Figs. 4 and 8. mid-latitudes, before appearing above the ionosonde zenith,
This mechanism can lead to significant structuring of theand subsequently drifting away polewards.
dayside sub-auroral latitude electron density. In the second It is possible that structuring of the electron density in the
example shown, on 1 September 1999, the high electron derconvection throat region occurs on a variety of spatial scale
sity plasma from the sub-auroral region that was drawn intosizes and through a variety of mechanisms. Once such gra-
the cusp region to produce the polar patch was replaced byients are formed they can persist for several tens of minutes
low density plasma from the convection return flow. The while entrained within the background convection pattern.
time-scales for solar production of F-region ionisation areAs discussed above, these gradients then generate irregular-
sufficiently long so that plasma depletion can persist for longities which provide targets for HF radars, hence acting as
periods. It is possible to think of this plasma depletion astracers of the convection flow: not only do the backscatter
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and consequently the time taken for the gradients to decay

Summer Winter through diffusion or insolation. We note that as the iono-

spheric structuring within large-scale polar patches appears
different between summer and winter conditions, this may
also have repercussions for the observation of smaller scale

features.
Y a Y €
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