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Abstract. Results are presented from two multi-instrument 1 Introduction

case studies showing patches of cold, long-lived plasma in

the winter nightside ionosphere during times when the z-lonospheric plasma in the polar cap is structured on a wide
component of the Interplanetary Magnetic Field (IN¥) range of horizontal spatial scale sizes (e.g. Tsunoda, 1988).
was positive. These enhancements were coincident with th&tructuring on large scales results in F-region electron den-
antisunward convective plasma drift, flowing from polar to sity enhancements known as polar cap patches. These have
nightside auroral latitudes. In the first case, on 5 Decemben horizontal extent of at least 100km and plasma densi-
2005 with IMF By, negative, two regions of enhanced elec- ties of at least twice the surrounding background density
tron density were observed extended in MLT in the magnetic(Crowley, 1996). Buchau et al. (1983) observed patches
midnight sector separated by lower densities near midnightat Thule, Greenland (77.30l, 69.20 W, 85.43 MLAT,

Itis likely that the earlier enhancement originated on the day-32.38 MLON) drifting antisunward with the background
side near magnetic noon and was transported to the nightslasma flow. The flux of precipitating particles in the central
side sector in the convective flow, whilst the later featureregion of the polar cap was insufficient to produce the patch
originated in the morning magnetic sector. The lower den-densities and therefore it was concluded that the patches
sities separating the two enhancements were a consequenggre not produced locally by in situ precipitation. Weber
of a pair of lobe cells essentially blocking the direct anti- et al. (1984) proposed that the patches were produced on the
sunward cross polar flow from the dayside. A second caselayside at auroral or subauroral latitudes and then convected
study on 4 February 2006 with IMB,, positive revealed a antisunward to higher, polar latitudes. In winter, patches
single nightside enhancement likely to have originated in thehave been observed to travel across the entire polar cap (We-
morning magnetic sector. These multi-instrument investiga-ber et al., 1986) and an individual patch was followed for
tions, incorporating observations by the EISCAT radar facil- over 3000 km from the centre of the polar cap to the pole-
ity, the SuperDARN network and radio tomography, revealward edge of the nightside auroral oval. Measurements of
that plasma flowing from the dayside can play a significantthe patch density and the surrounding background density
role in the nightside ionosphere under conditions of IBIF  showed that both decreased by a factor of two during the
positive. The observations are reinforced by simulations oftransit of the patch, in good agreement with F-region recom-

flux-tube transport and plasma decay. bination rates. Recombination is greater at lower altitudes
Keywords. lonosphere (Plasma convection; Plasma temper{€-0- Brekke, 1997) and so patch-lifetime depends on alti-
ature and density; Polar ionosphere) tude, with patches at greater altitudes having longer lifetimes

(e.g. Walker et al., 1999).

Polar cap patches drift in the high latitude convection, the
patterns for which are illustrated under different Interplan-
etary Magnetic Field (IMF) conditions in Reiff and Burch
(1985) and Heelis (1988). Under conditions of INBE neg-
ative the convection pattern is driven by magnetic reconnec-
tion between the IMF and the geomagnetic field near the
Correspondence tA. G. Wood equatorial plane and antisunward flow occurs across the po-
(aow@aber.ac.uk) lar cap. Variation in IMFB, results in a displacement of the
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2204 A. G. Wood et al.: Nightside plasma patches under BJlpositive

convection pattern towards dawn (dusk) for positive (nega-the IMF conditions were not known. Patches have been pre-
tive) values. The relative importance of IM% and IMF B, dicted from modelling under conditions of IMB, negative

is given by the clock angl®,. using the Utah State University Time Dependant lonospheric
|B | Model (TDIM) for different orientations of IMFB, (Bow-
6 = arctan—- (1) line et al., 1996). Variations i, modified the symmetry
z of the convection pattern and, although this did not alter the

For clock angles of less than 7the convection pattern is prediction of patches in the nightside ionosphere, it did al-
driven by reconnection in the magnetospheric lobe (Freemarer the location at which they were expected. Using eight
et al.,, 1993) and the resulting lobe convection cells occuryears of meridian scanning photometer data on the night-
with sunward plasma flow near local noon (Lockwood and side, Moen et al. (2007) identified airglow from 333 F-region
Moen, 1999). Polar cap patches are generally associatepolar cap patches that merged into the poleward boundary
with IMF B, negative (Valladares et al., 1988), although they of nighttime aurorae under conditions of IM&, negative.
have also been observed at times of IMFpositive. Using  The MLT distribution of the patches was symmetric around
an ionosonde and optical instruments McEwen and Harri23:25 MLT and, using the statistical flow patterns of Ruo-
(1996) observed 523 patches close to the geomagnetic poleoniemi and Greenwald (2005), this indicated that patches
(89° MLAT) during four winters and found that they were did not preferentially originate from either the dawn or dusk
primarily associated with times of IMB, negative, although cell. It was thus concluded that there was no IMF de-
20% occurred during times of IMB, positive. Closer in- pendence in the statistical occurrence of nightside polar cap
spection of the latter group showed that, in most cases, eithgvatches. Patches on the nightside in winter have also been
IMF B, was close to zero or had become positive within two observed by the Sondrestrom Incoherent Scatter radar drift-
hours previous to observations and it was proposed that theng out of the polar cap and into the auroral zone (Pedersen
patches under IMB, positive had entered the polar cap un- et al., 2000). Lorentzen et al. (2004) observed airglow from
der IMF B, negative (McEwen and Hatrris, 1996). Middleton patches on the nightside exiting the polar cap by crossing the
et al. (2005) observed a tongue-of-ionisation under condi-open closed field line boundary (OCB) during tail reconnec-
tions of IMF B, positive being swept around the periphery of tion under IMF B, negative and predominantl§, positive.
the polar cap in the post-noon sector. Pryse et al. (2006) observed a patch in the nightside polar
Patch occurrence exhibits an UT dependence. Observdenosphere which reconfigured to form a boundary blob at
tions by Buchau et al. (1985) at Thule, Greenland showedhe equatorward edge of the evening auroral sector.
patches present between 13:00 UT and 00:00 UT with maxi- To date, polar cap patches have not been reported in the
mum electron density around 18:00 UT, although this couldnightside ionosphere under conditions of IME positive.
be as late as 21:00 UT. Comparison of patch densities withn this current paper two multi-instrument studies from 5 De-
electron densities two degrees equatorward of the cusp sugember 2005 and 4 February 2006 are presented showing the
gested photoionisation as a plasma source for the patchepresence of polar patches when IMEFwas positive and sta-
Later modelling studies by Sojka et al. (1994) in the magneticble. The regions of enhanced electron density are identified
midnight sector at SOMLAT showed that, at winter solstice, and their origin is discussed.
patches were most intense between 20:00UT and 00:00 UT
and absent between 08:00UT and 12:00UT. The UT de-
pendence here also suggested photoionisation as a source ®f Instrumentation
patch plasma with the variation arising because of the offset
between the geographic and geomagnetic poles (Coley ang.1 EISCAT Svalbard radar
Heelis, 1998). The high latitude convection pattern is driven
in the geomagnetic reference frame, which is approximatelyThe European Incoherent SCATter radar facility (EISCAT)
centred on the geomagnetic pole. At around 18:00 UT, whercomprises several radars on mainland Scandinavia and at
the geomagnetic pole is sunward of the geographic pole, théongyearbyen on Svalbard. Of particular interest to this
convection pattern therefore reaches lower geographic latistudy are measurements of electron density and tempera-
tudes at local noon than at other universal times. Photoioniture, and line-of-sight plasma drift velocity made by the EIS-
sation is a function of geographic latitude and so when theCAT Svalbard Radar (ESR) located at 78\, 16.0° E; 75.2
high latitude convection pattern reaches lower geographidMLAT, 112.9° MLON, using the TOI/NIGHT UK special
latitudes larger plasma densities are entrained into the poprogramme. The 42 m dish of the radar observed along the
lar cap flow. This suggests that the European sector shouldeomagnetic field in the F-region (azimutli79.0; eleva-
be favourable for observing nightside patch enhancements. tion 81.6") with the beam at 77°8\, 16.0 E; 74.9 MLAT,
While patches have been studied extensively in the daysidé11.5 MLON at an altitude of 300km. The 42m dish
ionosphere and in the central regions of the polar cap, studiewas used to monitor the temporal evolution of plasma. The
in the night sector are less common. Nightside patches hav82 m dish of the radar was used to infer the spatial latitudi-
been observed by Weber et al. (1986), however in this studyal distribution of the plasma by scanning in the geographic
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Fig. 1. The x-, y- and z-components of the interplanetary magnetic field observed by the ACE spacecraft between 16:00 UT and 23:00 UT
on 5 December 2005.

meridian. Each scan commenced at an elevation o°36.1 byen (78.2N, 15.7E; 75.X MLAT, 113.0° MLON)

the north and finished at an elevation of 35t the south. and NyAlesund (78.9N, 12.0E; 76.0 MLAT, 112.3°
The scan contained 36 positions with a dwell time of 32 s atMLON). These stations monitor coherent radio signals at
each pointing direction, and had a total cycle time of approx-150 MHz and 400 MHz from polar orbiting satellites for

imately 20 min. measurement of total electron content along a large number
of intersecting satellite-to-receiver ray paths. The electron
2.2 SuperDARN radar network content observations are inverted in a tomographic recon-

struction algorithm to yield the spatial distribution of electron
The Super Dual Auroral Radar Network (SuperDARN) is a density over a latitude-versus-altitude plane (Pryse, 2003,
network of high latitude coherent scatter radars comprisingand references therein).
nine radars in the Northern Hemisphere and seven in the
Southern Hemisphere (Greenwald et al., 1995) which ob2.4 Defense Meteorological Satellite Program
serve line-of-sight plasma velocities in the F-region. These
measurements can be inverted using the spherical harmonithe Defense Meteorological Satellite Program (DMSP) ob-
fitting technique of Ruohoniemi and Baker (1998) to infer serves the Earth and space environment with satellites in
the high-latitude electric potential patterns in the Northernnear-polar orbits at altitudes of 835 km to 850 km and a pe-
and Southern Hemispheres. As the plasma drift velocity isriod of some 100 min. Of particular relevance to the current
perpendicular to both the electric and magnetic fields in thestudy are the measurements of the energy flux of precipitat-
F-region E x B drift) the plasma convection pattern can be ing electrons made by the SSJ/4 particle detectors on satel-
directly inferred from the electric potential maps. lites F13, F15 and F16 (Hardy et al., 1984).

2.3 Radio tomography

3 Results: 5 December 2005
The ionospheric radio tomography experiment of Aberys-

twyth University comprises a chain of receiving stations 3.1 Geophysical conditions

in Northern Scandinavia, with the receivers separated in

latitude but essentially aligned in longitude at Tromsg The Advanced Composition Explorer (ACE) spacecraft
(69.8 N, 19.0 E; 66. MLAT, 103.4° MLON), Bjgrnoya  monitors the solar wind at the Lagrangian point L1, ap-
(74.53 N, 19.0 E; 71.3 MLAT, 108.8° MLON), Longyear-  proximately 1.5¢10°km upstream from the Earth on the

www.ann-geophys.net/26/2203/2008/ Ann. Geophys., 26, 2221%5-2008
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Fig. 2. Electron densities (top panel) and electron temperatures (bottom panel) measured by the 42 m dish of the EISCAT Svalbard Radar
observing along the geomagnetic field between 19:00 UT and 22:00 UT on 5 December 2005.

Sun-Earth line (Zwickl et al., 1998). The x-, y- and z- peak altitude of 275 km. The average density of the enhance-
components of the Interplanetary Magnetic Field (IMF) in ment at this altitude was 14101 m~3. A background elec-
geomagnetic co-ordinates observed between 16:00 UT antfon density value of 0.810'1 m—3 was established for the
23:00UT on 5 December 2005 are shown in the three panebservations, taken as the mean of the lowest 25% of electron
els of Fig. 1. Between 16:00UT and 17:00UT IME was  density observations at 275 km during the entire experiment
weakly negative with a mean value 60.3nT, IMF B, was  (18:00UT to 24:00 UT) which included the data presented
weakly negative with a mean value ©0.1 nT and the clock in Fig. 2. The precise timing of the onset of the enhance-
angle was approximately 110There was then a brief excur- ment could not be determined due to the data gap between
sion of IMF B, to —1.6nT at 17:20 UT. IMFB, was stable 19:15UT and 19:24 UT but this was not of significance for
and positive between 17:50 UT and 23:00 UT with a meanthe study under discussion. The largest densities were ob-
value of 1.0nT, IMFB, was mainly negative with a mean served in the earlier part of the feature with a maximum
value of —1.2nT and the clock angle was approximately density of 2. 10" m~3 at 19:42 UT. Lower densities were
50°. The solar wind velocity at the time was approximately observed at later times, with the electron densities reducing
350km st and the delay between the observations at the L1to 0.7x 10 m~3 at 20:59 UT. A second region of enhanced
point and the response of the ionosphere was about 82 mielectron densities was later observed between 21:11 UT and
using the method of Lockwood et al. (1989). Thgfsolar ~ 21:32 UT with an average electron density of Q18! m—3

flux index was 91.7 sfu andf, was stable, taking values of at 275km. The two enhancements were separated by a re-

1- and 0 between 18:00 UT and 24:00 UT. gion of lower densities of 06101 m~2. Electron tempera-
- tures, shown in the lower panel of Fig. 2, took values of about
3.2 Electron densities and temperatures 850 K between 19:00 UT and 22:00 UT in both the enhanced

. and background densities, and ruled out the production of the
The electron densities and temperatures observed by thg,nhancements by local precipitation.

field-aligned 42 m dish of the EISCAT Svalbard Radar (ESR)

between 19:00 UT and 22:00 UT are shown in Fig. 2. Aclear Electron densities observed by the 32 m dish of the ESR
region of enhanced electron densities was observed betwedretween 19:26 UT and 20:46 UT are shown in Fig. 3. A
19:24 UT and 20:59 UT above the &Z0"m~3 level atthe  region of enhanced electron densities with a peak value of

Ann. Geophys., 26, 2202216 2008 www.ann-geophys.net/26/2203/2008/
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2.2x10" m=2 was observed equatorward of °A in the 1926-1946 UT
first scan starting at 19:26 UT. The beam of the 42 m dish 600 3
intersected this scan at 7R and observed similar density 500
levels of 1.6<10'm~3 at 19:34 UT. Poleward of PN the 400
32m dish observed lower electron densities, taking an aver-"" 300
age value of 0.510"m=3. In each of the following three 200|-:
scans progressively lower electron densities were observec |, 100 L R
in the enhancement. Evidence for a second density enhance 74 76 78 B0 82 Nex10"mr {5 78 78 B0 B2 Nex10"nr
ment is seen in the second panel, poleward 6f\80Corre- SUEESEY 1
sponding electron temperatures (not shown) took values of 2007-2026 UT 2027-2046 UT
about 820K across the entire field of view of the scans and 600 - 3 600 ¢ wapm -
ruled out the production of the enhancement by local precip- 500 500 ‘
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atitude (9) Latitude (9)

and 21:51 UT are shown respectively in the top two panels

of Fig. 4. Ea(.;h Sate”'Fe pass has a du_rat'on of some 15 mlnFig. 3. Electron densities measured by the 32 m dish of the EISCAT
The 350 km intersection through the images are shown orsyaihard Radar scanning from north to south along the geographic
the magnetic co-ordinate system (MLAT-versus-MLT) in the meridian between 19:26 UT and 20:46 UT on 5 December 2005.
lower panels of Fig. 4 with the colours indicating the elec-

tron density at the F-region peak. Also shown in these panels
are the coincident electric potential patterns inferred by the The second radio tomography image at 21:51 UT inter-
SuperDARN radars, which are discussed in more detail insected the magnetic post-midnight sector. The peak electron
Sect. 3.3. density values were much lower than in the earlier pass, typ-
The radio tomography image at 19:11 UT showed threeically 0.8x 10 m~3 between 69.0N and 77.0 N. Between
regions of enhanced electron density in the evening sector8.0° N and 84.0 N the peak electron density did not exceed
centred on 716N, 76.0° N and 81.0N with correspond-  0.2x10"m=3. Comparison with the SuperDARN convec-
ing electron densities of 1:410"m—3, 1.7x10"m—3 and  tion pattern showed that the trajectory of this satellite pass
1.2x10"m~3, respectively. Their peak altitude was about did not intersect the antisunward flow of the dusk convection
390 km, higher than observed by the ESR. Caution should beell. The trajectory may have intersected the dawn convec-
exercised in inferring the altitude from the tomography im- tion cell, although caution is needed in this interpretation due
ages because of geometrical constraints leading to limitationto the absence of radar measurements in this region. Elec-
in the technique to determine the vertical distribution of the tron densities observed in this sector by the ESR 42 m dish at
electron density (Pryse, 2003). However, this restricted abil-78> N, almost colocated with the tomography observations,
ity to determine the altitude of the peak electron density doesvere 0.5¢10''m~2 in broad agreement with the tomogra-
not detract from the validity of the method to locate the lat- phy values.
itudinal locations of the enhancements. By comparison with
the corresponding SuperDARN convection pattern, the en3.3 High latitude electric potential pattern.
hancements centred at 76N and 81.0 N were in antisun-
ward cross polar flow, whilst that centred on 7INswas in High latitude convection patterns were inferred from the Su-
return sunward flow slightly equatorward of the convection perDARN electric potential maps at 2-min intervals. Rep-
reversal. At 19:11 UT the ESR 42 m radar observed a peakesentative plots at roughly 30-min intervals are shown
electron density of 04101 m~3 at 275km (Fig. 2), which  in Fig. 5, with the panels being for 19:06 UT, 19:28 UT,
preceded the large enhancement it observed a few minutek9:56 UT, 20:24 UT, 21:00 UT and 21:26 UT, rather than at
later. This apparent discrepancy between the time of enstrictly 30-min separations, to ensure reasonable coverage
hancement observed by radio tomography and the ESR raddny backscatter measurements. The convection patterns were
can be explained by geometrical effects. The trajectory ofreasonably stable between 19:00 UT and 22:00 UT and dom-
the 350 km intersection of the satellite trajectory was pole-inated by a dusk convection cell. The dusk cell was likely
ward of the radar, which is indicated by the red cross on theto be drawing plasma antisunward from near magnetic noon
convection map. It is therefore not unreasonable to concludand a smaller dawn cell may have been drawing plasma anti-
that the enhancement was observed in the tomography fieldunward from the morning sector. The red cross on each plot
of view before it was seen by the ESR downstream in theindicates the position of the intersection of the ESR beam at
convection pattern. an altitude of 300 km, and shows that the radar was observing

www.ann-geophys.net/26/2203/2008/ Ann. Geophys., 26, 2221%5-2008
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Tomographic Image: 5 Dec 2005 19:11 UT Tomographic Image: 5 Dec 2005 21:51 UT
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Fig. 4. Electron densities observed by the radio tomography experiment during a satellite pass that crossed a latitidatfF31 UT

(top left panel) and 21:51 UT (top right panel), and the corresponding electric potential patterns inferred from the SuperDARN radars
at 19:11 UT (bottom left panel) and 21:51 UT (bottom right panel). The multicoloured lines on the potential maps indicate the satellite
trajectories intersecting the ionosphere at an altitude of 350 km with the colours representing the electron density at the F-region peak of the
tomography image. To clearly show the electron density observed by the radio tomography experiment at 21:51 UT an electron density scale
is used in the right hand panels with a maximum value of half that used in the left hand panels. The red crosses represent the position of the
EISCAT Svalbard Radar.

in the antisunward flow throughout the interval of interest. the dusk cell, whilst the lower densities and smaller enhance-
The larger density enhancement observed by ESR prior tanent in panel 2 of Fig. 3 are likely to be within the dawnside
21:00UT clearly corresponded to the dusk cell whilst thecell. The blue curves schematically emphasise the convec-
smaller enhancement at later times was likely to have beetion pattern, including a pair of lobe cells close t¢ 85LAT,

in the dawn cell. Figure 6 shows the SuperDARN electric 12:00 MLT. Lobe cells were also observed in this vicinity on
potential pattern for 20:10 UT. The time of 20:10 UT was each of the plots in Fig. 5, however they are more difficult to
chosen as it is close to the centre of the time range of thedentify due to the contouring.

ESR 32 m dish scans plotted in Fig. 3. The latitudinal cover-

age of the four successive scans of the ESR 32m dish at a4 Precipitation

altitude of 300 km are also plotted as red lines. Of particu-

lar note is the fact that the higher geographic latitudes of therne DMSP F13. F15 and F16 satellites observed the en-

scans correspond to later magnetic local times and it is Iikerergy flux of ions and electrons at high latitudes in the North-
that the northern field-of-view of the radar scans was in theg,, Hemisphere. An energy flux of electrons in excess of

dawn convection cell, whilst the equatorward portion was in{.. 17 crm2ster L s~2 at an energy of 250 eV was taken as
the antisunward flow of the dusk cell. This interpretation gignature of electron precipitation into the ionosphere. Be-
is consistent with the electron densities in Fig. 3, where theyyeen 17:00 UT and 22:00UT a total of 10 such satellite
enhancement in the southern field of view is associated withh555es occurred and the trajectories of these satellites are

Ann. Geophys., 26, 2202216 2008 www.ann-geophys.net/26/2203/2008/



A. G. Wood et al.: Nightside plasma patches under IR}Fositive 2209

05Dec200s .- 1 Tte 05Dec200s .- 1o 05Dec2005 .-~
= . Z (5T ‘ +Z (5nT) . ! - 7 (51T
19:06:00- - : 26 yg0g00- - . ey 19:56:00- - | #Z (50T)
19:08:00 - O W 18:30:00 - : % Y 19:28:00 .- | - e
g (-61 min) (-62min) o isamin

< s <
600 % 600 & 600 %
S = 8
s00 < s00 < 500 2
00 3 400 é 400 E
. a0 300 w0
. 200 200 200
= 100 1000 e ] 100 100
J00oms' - T : = 38KV ms O L e 31 kv 2000 ms T e 24 KV
NoriHern Hemisphere Northiern Hemisphere Noritiern Hemisphere
05 Dec 2005 B ¥ £ +Z (5nT) 05 Dec 2005 ‘ T, +Z (5nT) 05 Dec 2005 . - ' +Z (5nT)
20:24:00 - - . s 21:00:00 - - T 21:26:00- |- o
‘ Ay 21:28700 . - . . Y

20:26:00 .- : g, +Y 21:02:00 .
J . (61 min) (-63 min)

1000
900

a
8
(,sw) Ayoojap

m
g
(,5W) Aooje

300

1000 ms . 31 kV 1000 ms . 29 KV

1000 ms g 27 kV .
Northern Hemisphere

NorthierrmHemisphere NoriHern Hemisphere

Fig. 5. Electric potential patterns inferred from the SuperDARN radars for 19:06 UT, 19:28 UT, 19:56 UT, 20:24 UT, 21:00 UT and 21:26 UT
on 5 December 2005. The red crosses indicate the position of the EISCAT Svalbard Radar beam at an altitude of 300 km.

plotted in Fig. 7. The parts coloured red indicate where2006 are shown in Fig. 8. During this interval IMF; was
the flux threshold is exceeded. The blue curves showinitially strongly positive with an average value of 2.6 nT
the schematic representation of the high latitude convectiorbetween 16:00 UT and 21:30 UT, after which it reduced in
pattern, reproduced from Fig. 6. Comparison of the plasmamagnitude. At 21:54UT IMFB, turned negative and re-
flow with the regimes of precipitation on the satellite trajec- mained negative until after 23:00UT. IMB, was stable
tories showed that the antisunward plasma flow of the duskand strongly positive throughout the evening with an aver-
cell did not pass through a region of ongoing precipitation,age value of 4.6 nT between 16:00UT and 23:00UT. The
and this was ruled out as a mechanism for maintaining denelock angle was approximately 6®etween 16:00 UT and
sities as the plasma flowed from the dayside to the premid21:30 UT, after which it increased and was approximately
night sector. At earlier MLTSs, in the afternoon sector, there 110° between 22:00 UT and 23:00 UT. The solar wind ve-
were no DMSP observations to establish the occurrence ofocity was about 365 kn giving a delay in the ionospheric
precipitation, however a contribution by precipitation to the response of approximately 70 min using the method of Lock-
ionisation production in this region would have been smallwood et al. (1989). Theg7 solar flux was 77.0 sfu andl,
compared to photoionisation (e.g. Walker et al., 1999). Thewas stable, being 0+ between 18:00 UT and 24:00 UT.
plasma flowing antisunward in the dawn cell did pass through
a region of precipitation, and so in this instance precipitation4.2 Electron densities and temperatures
may have contributed to the densities observed in the post-
midnight sector. Electron densities and temperatures observed by the field-
aligned 42m dish of the ESR between 19:00UT and
22:00UT are shown in Fig. 9. A region of enhanced elec-

4 Results: 4 February 2006 tron densities was observed between 19:35UT and 21:11 UT
defined by the 0.510"m~2 contour with an average
4.1 Geophysical conditions electron density of 0.910''m=2 and a peak altitude of

255km. All densities above 1.98.0'1m=3 are shown

The three components of the IMF observed by the ACEby the top colour on the scale and the maximum electron
spacecraft between 16:00 UT and 23:00 UT on 4 Februandensity of 2.410''m=3 at 255km occurred at 20:29 UT.
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Fig. 6. Electric potential pattern inferred from the SuperDARN

radars for 20:10 UT on 5 December 2005. The red lines indicate the

positions of the 300 km ionospheric intersection of successive scans

by the EISCAT Svalbard Radar commencing at 19:26 UT, 19:47 uT,Fig. 7. The trajectories of F13, F15 and F16 DMSP satellite passes

20:07 UT and 20:27 UT. The blue curves are a schematic of the higrPetween 17:00 UT and 22:00 UT over northern high latitudes on 5
latitude convection pattern. December 2005. The red portions of the trajectory lines, indicate

regions where precipitation is occurring and the blue curves are a
schematic of the high latitude convection pattern.

The background density for the 18:00 UT to 24:00 UT in-
terval, which included the data presented in Fig. 9, was o
0.3x10' m~3. Electron temperatures were about 900K 4-4 Precipitation

throughout the observations and therefore in situ precipita- ] ) :
tion was ruled out as a source of the enhanced densities. Between 17:00 UT and 22:00 UT the energy flux of ions and

electrons at northern high latitudes were monitored during

4.3 Plasma drift flow 9 DMSP satellite passes. Their trajectories are shown in
Fig. 11, with the red lines indicating regions of enhanced

Representative high latitude electric potential maps obtaineelectron flux, indicative of precipitation as defined for Fig. 7

by the SuperDARN radars at 2-min resolution are shown in(Sect. 3.4). In this instance the electron density enhance-

Fig. 10a for 19:10UT, 19:40 UT, 20:10 UT and 20:40 UT. ments observed on the nightside may have been on stream-

The convection pattern did not show significant variation be-lines that traversed ongoing precipitation in the polar region

tween 19:00 UT and 22:00 UT. There is very little data in the of the morning sector.

midnight sector, however there is sufficient data on the day-

side to show a two cell convection pattern with plasma drawn _ )

from the magnetic morning sector towards the midnight sec® Discussion

tor. On the dayside the convection pattern was dominated b

two cells, with the dusk cell being significantly larger than

the dawn cell. Support for the nightside flow is provided by

the ESR 32m dish that was scanning along the geographiHnder qr}ie;.geomagnetic conditions V\{hen Im!f:wﬁs posi-
meridian from north to south. Its 300 km altitude intersec- IVe- In the first study IMFB, was negative and in the second

tion is shown on the third panel of Fig. 10a for 20:10 UT, and it was strongl_y positive. In the first case on 5_December 2005
the line-of-sight plasma drift velocities that it measured be-Wo clear regions of enhanced electron density were observed

tween 19:55 UT and 20:15 UT are shown in Fig. 10b. These?Y the ESR 42m dish on the nightside. These were colo-
radar observations are representative of those for the intervAjated With the antisunward flow from polar latitudes into the

from 19:35 UT to 20:55 UT, and show a flow component to- auroral r_egion observed by the SuperDARN network. Cor-
wards the radar in the northern field of view and away fromrespondlng electron temperatures showed that the enhanced

the radar in the southern field of view, consistent with it being densm_es were not produ_ced locally by precipitation. Taken
located in the antisunward flow. collectively the observations suggest that the plasma had

been produced at earlier times and had then drifted in the

%’WO case studies have been presented showing regions of en-
hanced electron density in the night sector. Both occurred
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Fig. 9. Electron densities (top panel) and electron temperatures (bottom panel) measured by the 42 m dish of the EISCAT Svalbard Radar
observing along the geomagnetic field between 19:00 UT and 22:00 UT on 4 February 2006.
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Fig. 10a. Convection patterns inferred from the SuperDARN radars for 19:10 UT, 19:40 UT, 20:10 UT and 20:40 UT on 4 February 2006.
The red crosses indicate the location of the field aligned beam of the 42 m dish of the EISCAT Svalbard Radar at an altitude of 300 km and the
red line indicates the positions of the 300 km ionospheric intersection of a scan by the 32 m dish of the EISCAT Svalbard Radar commencing
at 19:55 UT.

antisunward convective flow to the observing location. The Geomagnetic conditions were stable throughout the inter-
peak altitude of the enhancement, at 275 km, was lower thawal of interest on 5 December 2005. This was reflected by
anticipated for polar patches which are typically reported atthe similar general form of the SuperDARN electric poten-
altitudes of around 350 km. However, patches have also beetial maps; a prominent large dusk cell, a likely smaller dawn
observed at lower altitudes with Weber et al. (1986) report-cell, and a pair of lobe cells near8BILAT 12:00 MLT. Fur-

ing patches identified by the Sondrestrom Incoherent Scattether support for the stability was provided by the plasma den-
radar at altitudes between 280 km and 310 km in the nightsity distributions observed by the different instruments. The
sector. Further support for the altitude is provided by thevariation in the large scale density structure could therefore
modelling study of Zou et al. (2000) who used the Cou- be attributed to spatial distribution, rather than local tem-
pled Thermosphere lonosphere Plasmasphere (CTIP) modgloral variation. The large enhancement observed between
to investigate the annual and semiannual variations in the FA9:24 UT and 20:59 UT by the ESR 42m was associated
layer, and placed the altitude of nightside polar cap patchesvith the antisunward plasma flow of the dusk cell, while
between 270 km and 320 km. the smaller density enhancement at 21:11UT to 21:32UT
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Fig. 10b. Line-of-sight plasma drift velocities measured by the 32m
dish of the EISCAT Svalbard Radar scanning from north to south
along the geomagnetic meridian between 19:55 UT and 20:15 UT.

was likely to be associated with the antisunward flow of the

dawn cell. These two enhancements were separated by Fig. 11. The trajectories of F13, F15 and F16 DMSP satellite passes
region of low, background densities that will be discussedbetween 17:00UT and 22:00 UT over northern high latitudes. The
later. Observations by the ESR 32 m dish, whilst scanninged portion of the trajectories indicate regions where precipitation is
in latitude along the geographic meridian, showed large denoccurring and the blue curves show a schematic of the high latitude
sities in its equatorward field-of-view that decreased gradu-convection pattern.

ally during the four successive scans as the radar moved to

later MLTs. This enhancement was initially coincident with — o

the main antisunward flow of the dusk cell, but weakened as 05Dec2005 .-~ : Rl +Z (5nT)
the radar approached the edge of the cell near magnetic mid 1509.09 - 3 ' o
night. The second scan, starting at 19:47 UT, showed hints of e R - (-60 min)

a second, weaker enhancement at higher latitudes, separate
from the main enhancement in the southern field-of-view by

lower densities. The higher latitudes of the scan mapped to Vo ™ ;
later MLTs than the lower latitudes, and so this secondary , g “‘“) f"/'-\"\\ , ,
enhancement was interpreted as the densities convected intAg_ L] -} -f / L \ ,,,,,, ;

the nightside from the morning cell. The contrast between
the densities observed in the two convection cells was also '
evident by comparison of the two tomography reconstruc-
tions; the earlier image at 19:11 UT showed the large densi-
ties of the dusk cell, and that for 21:15 UT displayed the low
densities in the post-midnight flow.

To investigate furthe'r the. possibility of photc'Ji.onisaf[ion F— ms"\“\\ T eSSt 43y
as the source of the nightside enhanced densities, simula *— ’
tions were performed of the flow of plasma flux tubes and
of plgsma d_ecay. Thesg S'mUIat'on_S comprised two Stage~T—"ig. 12. Convection pattern inferred from the SuperDARN radars
The first estimated the time of transit of plasma between thg, 15:00 UT on 5 December 2005. The crosses indicate the loca-
solar terminator on the dayside and the region of observations at 18:00 UT of the electron density enhancements tracked from
tion on the nightside. This was done by tracking the locationthe nightside ionosphere from 19:45UT (purple cross), 20:15UT
of the flux tubes at the observed nightside densities back irfred cross) and 20:45UT (blue cross). The solid black line indi-
time, using the SuperDARN electric potential maps. Track-cates the position of the terminator defined by a solar zenith angle
ing was stopped when the flux tubes crossed the solar terof 120° at 300 km.
minator, defined as where the solar zenith angle at an alti-
tude of 300 km was less than 12(Roble and Rees, 1977).

The procedure also estimated the MLT of where the flux tubeb December 2005 the estimated transit times were 120 min,
crossed the terminator. For sample densities observed by thE35 min and 185 min, with the flux tubes traversing the ter-
ESR 42 m radar dish at 19:45 UT, 20:15 UT and 20:45 UT onminator at 17:45 UT, 18:00 UT, and 17:40 UT respectively, in

(.sw) Aoojop

Nortriern Hemisphere
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the magnetic noon and post-noon sector between 11:00 MLEnd (1.6:0.4)x 10 m=3, respectively, the error being set
and 14:00 MLT (Fig. 12). The times at which these flux tubes primarily by uncertainties in the recombination coefficients
crossed the terminator corresponded to when the ionosphegnd neutral densities. For quantitative comparison with the
was under the influence of weakly negative INBE, how-  observations, a 30-min window has been considered cen-
ever much of the transit of the ionisation occurred undertred on each of the time epochs of interest. Within each
conditions of IMF B, positive consistent with the interpre- window the five largest density values at the peak altitude
tation of previous observations made over the geomagnetiof 275 km were determined, and averaged to obtain a mean
pole (McEwen and Harris, 1996). Indeed it is likely that the value for the interval. The purpose of this was to reduce the
increased transit times across the polar regions of the flueffect of rapid variation due to small-scale structure on the
tubes observed by the ESR 42 m radar dish at 20:15 UT andomparisons. Mean values of 210"t m~3, 1.8x10'm=3
20:45 UT occurred due to the increasing influence of the lobeand 1.6<10' m—3 were obtained for the windows centred
cells under IMFB, positive. on 19:45UT, 20:15UT and 20:45 UT, in reasonable agree-
The second stage of the computer simulation involved usiment with the predicted values. The slight overestimations
ing independent dayside observations of the electron densitygre a likely consequence of the overestimation of the initial
and estimating its decay, over the transit time determined irelectron density.
the first stage. The decay took into consideration the number The electron density enhancement observed in the post-
density of the neutral species;Mind Q, the ion temper-  midnight sector between 21:11 UT and 21:32 UT had lower
ature, the neutral temperature and the relative velocity bedensity values, with an average of 80" m—2, compared
tween the ions and the neutrals. The number densities wereith that in the pre-midnight sector, with an average of
estimated from MSIS-90 for Nand G (Hedin, 1991). lon  1.4x10m~3. When flux tubes from the post-midnight sec-
temperatures on the nightside were estimated from the ESFor were traced backwards through the convection pattern to
42 m radar and on the dayside were based on typical valuethe solar terminator they had a transit time of 90 min and
from sunlit EISCAT observations. Plasma velocities were es-originated in the morning sector around 08:00 MLT. This
timated from the SuperDARN electric potential maps. Neu-sector is close to sunrise and plasma densities rapidly in-
tral winds and neutral temperatures for the prevailing geo-creased at dawn, with the Gakona ionosonde observing den-
physical conditions were estimated using the statistical studsities increasing by a factor of 10 between 07:00 MLT and
of Killeen et al. (1995). The recombination rates of Hierl et 09:00 MLT. Meaningful comparisons between calculated and
al. (1997) were used for effective temperatures above 1300 Kobserved densities could not therefore be drawn.
and those of St-Maurice and Torr (1978) for below 1300K. The flux tubes containing the low electron densities ob-
The Gakona lonosonde in Alaska (62, 145.2 W; 56.5 served by the ESR between the two enhancements (20:59 UT
MLAT, 214.5° MLON) observed the dayside ionosphere and 21:11 UT) were tracked back in time to a region antisun-
when Scandinavia was in the night sector. It is a midlatitudeward of the pair of lobe cells with a transit time of 100 min
station equatorward of the high latitude convection patternto this point. Lack of data in the SuperDARN electric po-
and can therefore give a good estimate of densities caused klgntial maps meant that no meaningful information could
photoionisation without any contribution from precipitation. be deduced regarding their earlier history. In this region
Gakona is at local magnetic noon at approximately 23:00 UT.plasma flow was very slow~50ms1) and so if any en-
Between 19:00UT on 5 December 2005 and 00:00 UT onhancement from dayside photoionisation had been present
6 December 2005, an interval that spanned 12:00 MLT, thdat would have decayed to background values during the ex-
peak electron density observed by the ionosonde was essetremely long transit time. This effectively resulted in the lobe
tially constant at 4.510'Ym—3 and was located at heights cells preventing the flow of enhanced dayside plasma into the
in the range 200km to 250km. This was used as input tomagnetic midnight sector.
the algorithm as the density at the terminator at an altitude Geophysical conditions were very similar in the second
of 275km. The lower peak altitude on the dayside is notcase study on 4 February 2006 to those of the former study,
unreasonable because the bottomside of the enhancementascept IMFB, was strongly positive rather than weakly neg-
eroded faster by increased recombination rates. Modellingative. Previous studies (King and Smith, 1968; Zou et al.,
work (Zou et al., 2000) into the annual and semiannual vari-2000) have shown the months of November to February to be
ations in the F2 layer placed the peak altitude on the daysidén a winter regime of larger electron densities at Bbat lo-
between 200 km and 260 km. It should be noted that thiscal noon than in other seasons and therefore observations on
is therefore likely to be an overestimate of the densities enb December 2005 and 4 February 2006 can be directly com-
trained into the high-latitude convection, with the ionosondepared. Enhanced electron densities were also observed on 4
observations being at the peak altitude, rather than at the aFebruary 2006 by the ESR 42 m dish with a peak altitude of
titude of the nightside enhancement. Nevertheless it was th@55 km. As in the previous study these were in antisunward
best independent measure available for the study. Over thlow and corresponded to electron temperatures that showed
transit time for the three flux tubes considered above, the denthey were not due to local precipitation.
sity decayed to (2:80.6)x 10 m—3, (2.1+0.5)x 101 m=3
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