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Abstract. Intense high-latitude electric fields-(50 mV/m  observed by numerous satellites such as S3-3, Dynamics Ex-
mapped to ionospheric altitude) at 4R¢ geocentric dis-  plorer 1, Viking, Polar, above the primary acceleration re-
tance have been investigated in a statistical study, using datgion. Diverging electric fields associated with positive U-
from the Cluster satellites. The orbit of the Cluster satellitesshaped potential structures accelerating electrons upward in
limits the data collection at these altitudes to high latitudes,the auroral return current region were first observed by the
including the poleward part of the auroral oval. The occur-Freja and FAST satellites at low altitudes (e.g. Freja at
rence and distribution of the selected events have been usettitudes of 1400-1770 knKarlsson and Marklund1996
to characterize the intense electric fields and to investigat@and FAST at altitudes of 350-4175 krivlcFadden et al.
their dependance on parameters such as MLT, CGLat, alti1999. These acceleration structures are associated with in-
tude, and alsd&,. Peaks in the local time distribution are tense electric fields, converging in the upward current re-
found in the evening to morning sectors but also in the noongion and diverging in the return current region. The statis-
sector, corresponding to cusp events. The electric field intentical study byKarlsson and Marklund1996 showed that
sities decrease with increasing latitude in the region investhe intense events>200 mV/m) were fine structured (less
tigated (above 60 CGLat). A dependence on geomagnetithan 5km); the more intense the electric field, the smaller
activity is indicated since the probability of finding an event the scale sizes. They were generally confined to the auro-
increases up t& ,=5-6. The scales sizes are in the rangeral oval, with peaks in the midnight and early morning sec-
up to 10km (mapped to ionospheric altitude) with a maxi- tors. The events were likely to correspond mostly to diverg-
mum around 4-5 km, consistent with earlier findings at lowering electric fields in the return current regions. Observations
altitudes and Cluster event studies. The magnitudes of thef intense electric fields have also been made by the Dynam
electric fields are inversely proportional to the scale sizesics Explorer 1 satelliteM/eimer and Gurnettl993. They
The type of electric field structure (convergent or divergent)found from observations in the range of 1.1-R£geocen-
is consistent with the FAC direction for a subset of eventstric distance that the average mapped electric field values in-
with electric field intensities in the range 500-1000 mV/m creased with increasing altitudes, indicating a magnetic field-
and with clear bipolar signatures. The FAC directions arealigned electric field. From a study on Polar data at higher
also consistent with the Region 1 and NBZ current systemsaltitudes (above &g altitude), a lack of intense converging
the latter of which prevail only during northward IMF con- electric fields has been reportethfihunen et 3l1999. To
ditions. For scale sizes less than 2 km the majority of theexplain this observation, a new model of the auroral accel-
events were divergent electric field structures. Both convergeration combining an O-potential structure with wave activ-
ing and diverging electric fields were found throughout theity at the high-altitude end of the structure, was proposed
investigated altitude range (4R% geocentric distance). by Janhunen and Olssq2000. More recently,Janhunen
et al.(20049 have conducted a statistical study on auroral po-
tential structures calculated from the electric field measure-
ments by Polar. That study covers the range of 1856
geocentric distance and looked only for signatures of con-
verging electric fields.Janhunen et a(2004 reported few
1 Introduction encountered events at 3R4 geocentric distance but they
found events more frequent aboveR4 and below 3Rg.
Converging electric fields associated with negative U-shapedrhe interpretation given byanhunen et a(2004 was that
potential structures, accelerating electrons downwards inthere are two classes of events, one low-altitude class re-
the upward field-aligned current (FAC) region, have beenjated to inverted-Vs, and one substorm-related high-latitude
class, the latter one superposed above the O-potential struc-
ture proposed inJanhunen and Olssa2000. However,
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Fig. 1. A polar plot of the coverage of the Cluster satellites when r ]
they are within 7Rg. The coverage is roughly limited to latitudes 100 a
greater than 75CGLat. r

intense diverging and converging electric fields have been o:

I ‘ | I L L L r—l_\ Lt | r—‘—ﬁi
observed by Cluster at high altitudédarklund et al.(200J) 0 500 1000 1500 2000 2500
reported on the first Cluster observations in the return current electric field magnitude (mV/m)

region of the growth and decay of a diverging electric field

structure at 4.R g geocentric distancé/aivads et al(2003 Fig. 2. The number of events versus electric field intensities are
concluded from magnetic conjugate observations by Clusteplotted in a histogram with bins of 100 mVv/m.

and DMSP in the upward current region that the U-shaped,

quasi-stationary potential structure reached Cluster ak 4.7

geocentric distance. Figueiredo et al. (2005) reported on

two Cluster converging electric field events. One of thosefie|d structures directly associated with particle acceleration
events was in conjunction with observations by the ground-map out to high altitudes. These event studies have provided
based South Pole All Sky-Imager, showing that the intensemych insight into the temporal and spatial variations of the
electric field variations were observed when Cluster crosse@|ectric field structures. Support has been found that quasi-
above an auroral arc structure at a geocentric distance of agstatic electric field acceleration plays a major role in the ac-
proximately 4.6Rg. Cluster observations of intense electric celeration of auroral particles and that the process is more or
fields with monopolar signatures (indicating S-shaped poteniess always accompanied by Aéfin waves. FurtheKeiling

tial structures) in the return current region at Bfgeocen- et a|. (2001) have reported on Polar electric field observa-
tric distance were reported Bphansson et 82004. Inthat  tjons in the primary current region that are consistent with
study, the temporal and spatial variations were described angoth Alfven wave activity and quasi-static structures. Most
investigated. The quasi-static electric fields were concludecy their events, of which a large fraction were interpreted
to dominate the upward electron acceleration, since the mosp pe Alfvénic, occurred in the poleward part of the plasma
intense electric field variations were quasi-static, while re-gheet boundary layer (PSBL). As shownJphansson et al.

gions of temporal variations (downward travelling Av (2004 intense quasi-static electric field structures were also
waves) were less intensdrisson et al.2004. Marklund  found in that region.

et al.(2004) discussed the properties of four events of intense

electric fields at Cluster altitudes, the results supporting the This study presents a statistical investigation of intense
existence of quasi-static positive U-shaped and S-shaped p@lectric fields observed by Cluster at geocentric distances of
tential structures in the return current region. To summarize4—7Rg. Both diverging and converging electric field struc-
Cluster observations, published to date include both convergtures, corresponding to positive and negative U-shaped po-
ing and diverging electric fields, but also monopolar elec-tential structures, are found at Cluster altitudes in a way con-
tric field structures, indicating that the perpendicular electricsistent with downward and upward FACs.



T. Johansson et al.: Study of intense electric fields atRl=-geocentric distance 2581

2 Method _ _
300 1= - 410
This statistical study used EFW electric field da@Gus- 250 | £
tavsson et al.1997 from all four Cluster satellites from a *g F ---- R
33-month period (1 January 2001, to 28 September, 2003). s 200§ ! 3

The data set was examined by searching for electric field ©
peaks, using the duskward and sunward components of at2 .
least 150 mV/m, and then mapping to the ionospheric alti- % 100F
tude using the dipole magnetic field approximatigve{mer g 1 T =0.
and Gurnett1993. Further, the peaks should be observed =~ 50C="—--{ TS
when Cluster was located withinR: geocentric distance, - N
to avoid a more complicated mapping. For each part of the CoLat
orbit where the satellites were approaching or receding from

the north or south pole, the most intense peak meeting the se-

lection criteria was recorded and used in the database (such_

an entry is called an event), where also MLT (Magnetic Local <
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Time), CGLat (Corrected Geomagnetic Latitude), geocentric E 8OO§ ]
distance, L-value and scale size were recorded. The scaleg 79°¢ 3
sizes were found by first determining the full-width half- = . E 3
maximum of the intense electric field events, giving a tem- é"
poral scale which, together with the spacecraft velocity, give - °°¢ E
a spatial scale. For reference, the scale sizes were mapped ;oo

to the ionosphere. No distinction has been made between:

events found by the different satellites. In order to obtain @ *°°F

a good understanding of the occurrence of these events, they, o0& E
coverage of the Cluster satellites was also recorded. This is 5 6;) 6‘5 7‘0 7‘5 8‘0 8‘5 9:o
important since the orbit of the Cluster satellites gives the © CoLat

highest coverage at high latitudes. TKg-index has been

used to investigate the relation of the intense electric fieldq;ig_ 3. The number of events versus CGLat in a histogram with bins

to the geomagnetic activity. As will be discussed later, FACSf three degrees (black line) and the probability of finding an event

were also calculated for some of the events. This was don@dashed red line) are plotted in panel 1. Panel 2 displays the average

by assuming current sheets and using the magnetic field meailectric fields in each bin. Each bin is three degrees wide.

sured by the FGM instrumerBélogh et al.1997) from each

single satellite, to which a polynomial function was fitted in

a large-time window and inspected manually, after which thehigh and that the most equatorward of those points corre-

background magnetic field was subtracted. sponds to the poleward part of the auroral oval. The average
geocentric distance when the Cluster satellites were at geo-
centric distances belowRg has been calculated and it was

3 Observations found that the altitudes, on average, are higher at higher lati-
tudes.

The occurrence, distribution and relation of the selected in- A total number of 1373 events have been found. Very few

tense electric fields to MLT, CGLat, geocentric distance, events have mapped intensities exceeding 800 mV/m, and the

scale size and, will be presented in this section. A sub- majority of the events are found in the range 250-350 mV/m.

set of events, with intensities in the range 500-1000 mV/mThis can be seen in the histogram in Figshowing the num-

(mapped to ionospheric altitude), were further examined tober of events for bins of electric field intensity.

identify whether the electric field structure was divergent or

convergent and to determine the direction of the associate@.1 Location

FAC.

Due to the orbits of the four Cluster satellites, the coverageThe distribution of the events as a function of MLT, CGLat,

is much better at high latitudes and there is also a close coualtitude and season has been investigated. A separation be-

pling between altitude and latitude, which has to be kept intween high-latitude and low-latitude events has been made

mind when interpreting the statistical results. Figushows  to investigate possible differences. The upper panel in3-ig.

the total number of measurement points recorded by Clusdisplays the CGLat distribution in the form of a histogram

ter (at geocentric distances less thaRzj) in each bin (2 in of the number of events (solid black line). Overlaid with a

CGLat and 0.5 h in MLT) during the investigated period. The dashed red line is the number of events divided by the num-

plot clearly illustrates that a majority of the possible recordedber of Cluster passages in each bin, normalized to the maxi-

points are confined to high latitudes where the coverage isnum value, i.e. there is a probability of finding an event for
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Fig. 5. CGLat versus geocentric distance, displaying the fact that
the higher the altitude at which the event is found, the higher the
a given CGLat. The bottom panel in Figdisplays the av- latitude. Each diamond represent an event.
erage electric field for each bin. The maximum number of
events are found at 7&GLat but when the coverage of the

Cluster satellites is taken into account, one can seen that thehis can be seen in Fig, which is a scatter plot of CGLat
probability of finding an event shifts to lower latitudes (72— yersys geocentric distance for all the events. No events be-
75° CGLat). The average electric fields drops rapidly with |4\ 70° CGLat have been found aboverg and no events
increasing latitude, which also corresponds to the increasing,gve 80 CGLat have been found below 5. Still, the
altitude in this data set. Itis expected that the intense electrigyserved trend could be due to variations with altitude. In
fields are mostly associated with auroral acceleration strucFig_ 6, where the events have been divided into two latitudi-
tures and intense FACs (primary and return current) on aurog,g groups, one high-latitude group §0° CGLat) and one
ral field lines, which correspond to the lower latitude range |q-|atitude group £70° CGLat), a clear difference in the
of this study, and this is consistent with the results seen inyerage electric field can be observed. (The limits for high
Fig. 3. and low latitudes have been chosen to separate events found
Figure4 displays the dependence on geocentric distanceat higher latitudes from those within the auroral oval and to
A surprising decrease in the number of events is found at higtobtain a sample of events from within the auroral oval.) The
altitudes, above 5.By geocentric distance. These high alti- low-latitude events have average electric fields of approxi-
tudes correspond to high latitudes. The probability decreasemately 500 mV/m compared to approximately 300 mV/m for
in the same range and a decrease of the average electric fielde events at high latitudes. Since the higher average elec-
with increasing geocentric distance is also observed. The detric field magnitudes for the low-latitudes overlap in geocen-
crease is, however, supposedly more due to a latitude effedtic distance with the lower average electric field magnitudes
than to an altitude effect. The fewer and less intense elecfor the high latitudes, it can be concluded that a latitudinal
tric field events found at higher altitudes corresponds to veryariation has been identified. Further, the event probabil-
high latitudes, due to the co-dependence between altitude anitly increases for the low-latitude events all the way up to
latitude, far from the main auroral oval and auroral activity. 6 Rg (above which no events are found), while the altitude



T. Johansson et al.: Study of intense electric fields atRl=-geocentric distance 2583

CGLat <70 CCGLat >80 180 F T q1 A
‘ ! 1.0 140} - ‘ - F 11.0

80 160 F

1201

140

60} 100

8ol 120F

401

probability

501 100

number of events
number of events

40t

number of events

2ol 80:

"o

20¢

60 F

0 0.0 0 0.0
4 5 6 7 4 5 6 7

geocentric distance (Rg) geocentric distance (Rg)

600 ¢ 600+t

400 F
500t 500 ¢ r

350F

400t 400¢F

average electric field magnitude (mV,/m)
average electric field magnitude (mV/m)

300 F .

300} 300} E 1

250 R

200t 200} ‘ ]

‘ ‘ ‘ 200F R

4 5 6 7 4 5 6 7 [ ]
geocentric distance (Rg) geocentric distance (Rg) 150¢C . . . .

average electric field magnitude (mV/m)

Fig. 6. Similar plot as in Fig.3 but this time only for events at
a CGLat below 70 (left column) and events at CGLat above®80

(right column). Each bin is 0.8 5 wide Fig. 7. Similar plot as in Fig3 but this time the MLT is plotted on
. oF .

the x-axis. Each bin is two hours wide.

distribution plot for all events show a beginning decreaserespectively) have the same characteristics as the overall pic-
at 5SRg and the high-latitude events also display a decreasgure. The events occurring at winter times have two pro-
starting at SRg. So, this indicates that the observed peakspgounced peaks in the MLT distribution, one in the morn-
in event probability seen in the altitude and latitude di:stribu—ing sector (02:00-08:00 MLT) and one in the evening sec-
tions are both due to a latitudinal effect. tor (16:00-20:00 MLT), and there is a clear minimum at
The upper panel of Fig displays the number of events noon. The summer events have coarsely the same MLT
versus MLT, each bin corresponding to a 2-h interval. Twodistribution but the highest number of events are found at
peaks in the MLT-distribution are seen, one peak in the noon 4:00-16:00 MLT. The average electric field shows the same

sector (of which a majority probably is cusp events) and onetrend for winter and summer, somewhat higher in the after-
peak in the night sector. An asymmetry between the mornnoon/evening sector.

ing and afternoon sectors can be observed, with an abso-

lute minimum at 04:00-06:00 MLT. The higher probabil- 3.2 Scale size

ity of finding an event around 15:00 MLT might be con-

nected to the hot spot, a region of enhanced electron acThe scale sizes of the electric field structures were calculated

celeration eventsNewell et al, 1996. The probability of  as twice the full-width half-maximum of the intense electric

finding events follows the total number of events (there isfield peaks and mapped down to ionospheric altitude. The re-

a good coverage for all local times). As seen in the sec-sult is displayed in Fig8. The panels, show from top to bot-

ond panel, the average electric field is lower at noon andom, the number of events, the average electric field and the

higher for the evening events. When separating low-latitudeestimated potential versus scale size (mapped to ionospheric

events from high-latitude events, it was found that none ofaltitude). The potential has been calculated by multiplying

the events in the 12:00-16:00 MLT bin occurred at latitudesthe average electric field in each bin with the scale size. Most

below 70 CGLat (not shown here). events have scale sizes smaller than 10 km, with a peak at 4—
The seasonal dependence of the MLT distribution has als® km, which is consistent with earlier observations by Cluster

been investigated (not shown here). Spring and fall (definedMarklund et al, 200 Johansson et alR004 and by Freja

as the three months centered at spring and vernal equinoxt lower altitudesKarlsson and Marklundl996. The peak
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Fig. 9. The first panel displays the number of events versus CGLat
Fig. 8. The two first panels are similar to the panels in Bigut this for two groups of events, divided by ti#€, value. The dashed blue
time the scale size is plotted on the x-axis. Each bin is 1 km wide.|inen is K, <3 and the red line i% ,>3. Each bin is 3 degrees
The third panel displays an approximative potential calculated fromwide. The second panel displays the number of events (black line)
the average electric field intensity and scale size in each bin. and the probability of finding an event (dashed red line) vefsyis

The green (blue) line is the number of events for events found above

8(0° (below 70°) CGLat. Each bin represents one uniti.

scale size value corresponds well with earlier observations of

intense electric fields, as well as with the size of auroral arcs

(Borovsky, 1993. The number of events fall rapidly with in- 3-3 Geomagnetic conditions

creasing scale size and relatively few events are found with

scale sizes larger than 10km. The middle panel shows thathe K ,-index has been used to investigate the effect of the
the average electric field is increasing with decreasing scal@eomagnetic activity on the distribution and occurrence of
size below 10km and is relatively constant above 10 km.the intense electric field events. The first panel of Bidis-
That the electric field magnitudes are inversely proportionalplays the CGLat distribution for two groups of events, one
to the scale sizes were also observedhbylsson and Mark- ~ with K, <3 (dashed blue line) and one wikh, >3 (solid red
lund (1996. Since there are very few events at larger scaleline). The low activity events have a peak in number of events
sizes, the average values for those scale sizes are not reliabit 75-78 CGLat, while the high activity events have a peak
The bottom panel shows that for the smaller scale sizes therat somewhat lower latitudes (72-76GLat). So, the CGLat

is a small increase in potential with increasing scale size uglistribution is shifted to lower latitudes at more active pe-
to 18 km, from 0.5kV to 2.0kV. Similar values of the po- riods, reflecting the movement of the auroral oval towards
tentials have been found in Cluster event studMarklund ~ lower latitudes during more active periods. The high activ-
et al, 2004 and at lower altitudes in Freja studid€afls- ity events correspond to higher average electric fields at most
son and Marklund1996. The trend also continues in the latitudes (the difference is greater at lower latitudes) and for
upper, unreliable range of scale sizes, where the increase 1¥0st local times (the difference is greater in the morning and
larger. The scale sizes of high-latitude event8@° CGLat)  €vening sectors, not shown here), decreasing with increasing
and low-latitude events{70° CGLat) have also been com- latitude from 900 mV/m to 250 mV/m.

pared but the results were unclear and no distinct difference The second panel of Fi@.displays the number of events
in scale size was found. and the normalized probability of finding an event (solid
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Table 1. Summary of the events.
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FAC Electric field structure Number of events

CGLat
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Up Converging 17
Down Diverging 25
Up Diverging 1
Down Converging 2
Unclear Converging or diverging 9
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black and dashed red lines) versKis. The green (blue) line

is the number of events found above® §below 70) CGLat.

It can be seen that most events occur in periods of medium
geomagnetic activity ,=1-4) and that few events are
found for very active K,>4) or very quiet conditions
(K,<1). However, the probability of finding an event in-
creases with increasing,-value, although the limited num-
ber of events for the highedt, values make the calculated
probability unreliable. Since a vast majority of the events are
found for K, <4, the probability is reliable in that range and
there the probability of finding an event is increasing with
increasingK,. The maximum average electric field mag-
nitudes are found in the rang€,=4-6 at approximately
500 mV/m. The high-latitude events-80° CGLat) have a
peak in the number of events betweEp=1 and 3 but the
peak for the low-latitude events{(® CGLat) is atK ,=4.

The difference is again an effect of the auroral activity vary-
ing in latitude due to the geomagnetic activity. The average
electric field magnitudes are again found to be the highest . )
for low-latitude events, the peak is Kt,,=5 while the aver- Fig. 10. The upper panel is a scatter plot of CGLat versus MLT with

e . P a statistical auroral oval indicated by the green lines. Converging
age electric field magnitudes of the high-latitude events are(diverging) electric field structures are plotted with a diamond (+).
fairly constant for allK ,-values.

Downward (upward) FACs are plotted in red (blue). The middle

panel is a scatter plot of the electric field intensity versus scale size,

3.4 Convergent/divergent electric fields and associatedvhile the bottom panel is a scatter plot of the electric field intensity
FACs for a selected number of events versus geocentric distance.
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Those events with electric field intensities in the range 500—

1000 mV/m were inspected manually. If an event was foundfairly good number of events of both diverging and converg-
to have a clear bipolar signature, it was selected for furtheiing structures, with consistent FAC directions, are found.
investigation. The potential structure of the event was deter- Figure 10 displays in the form of scatter plots the distri-
mined by calculating the perpendicular potential, by integra-bution of the events in CGLat, MLT, geocentric distance and
tion of the measured electric field along the satellite orbit. Ascale size. The electric field intensities versus mapped FAC
positive (negative) peak in the potential indicates a divergingmagnitudes are shown in the upper panel of Bigwhile
(converging) electric field that accelerates electrons upwardshe two other panels display the mapped magnitudes of the
(downwards), which should be associated with downwardFACs versus CGLat and MLT. Upward (downward) FACs are
(upward) FACs. Magnetic field measurements were used teolor-coded blue (red), converging (diverging) electric field
calculate the FAC in each of these events to check the consisstructures are designated by diamonds (+). A statistical au-
tency between the electric field structure and the FAC direc+oral oval Kauristie 1995 is indicated by the green lines in
tion. The result is summarized in Takle For some of the the upper panel of FiglO, where the observed distribution
events it was not possible to clearly determine the FAC direcin CGLat and MLT is combined. Most of the converging
tion, they are labelled “unclear” in Table The electric field and diverging electric field events occur, within or close to,
type is for most of the events consistent with the FAC direc-the auroral oval but there are also high-latitude events. It is
tion. However, for three events an inconsistency is found be-also found that upward FACs occur at high latitudes (pole-
tween the FAC and the potential structure. These events areard of the auroral oval) in the morning sector but at lower
the subject of a further, on-going investigation. However, alatitudes (within the auroral oval) in the evening sector. The



2586 T. Johansson et al.: Study of intense electric fields aR4-Jeocentric distance

Figure 11 displays the electric field intensity versus the

€
% 1000 ‘ PR E FAC magnitudes in the upper panel, while the other two pan-
E 900 & . o 3 els display the FAC magnitudes versus the electric field in-
2 800% . . 3 tensity and MLT, respectively. It is seen in the middle and
€ 700c * R ARCI 3 lower panels of FiglQ, and also in the upper panel of Fid,
® 600F Ry te® o o E that a majority of the most intense events760 mv/m) are
T R . ¢ 3 diverging electric field structures associated with downward
3 T o 0 10 o FACs. The FACs with the largest magnitudes7(uA/m?,
E i (uA/m?) mapped to the ionosphere) are mostly downward FACs.
However, no correlation between electric field intensity and
FAC magnitude can be observed for these events. The high-
‘ ‘ ‘ ‘ est magnitudes of the FAC are found at latitudes correspond-
_ o + E ing to the auroral oval and in the morning and evening sec-
E 20? . + E tors, together with a few events of high FAC magnitude close
3 MU E to 15:00 MLT, as seen in the two last panels of Hig.
= 1op ISAETRAS - £ In the subset of events it is clear that diverging electric
E s5E o ’ o Y PN = fields at low latitudes are likely to occur in the evening and
ot ‘ o4 Tt 0,8 . ¥ oo ] morning sectors (first panel of Fig0 and bottom panel of
o0 ° oL o o Fig. 11). The diverging electric fields at high latitudes are
found in the afternoon sector. This is, for the low-latitude
events, consistent with earlier Freja studigar{sson and
Marklund 1996 Marklund et al, 1997).
25 B
< 20f . ' E 4 Discussion and conclusions
~ L + 1
< = i
i E— " o R o N We have presented results of a statistical investigation of
7 ok e o, - E intense electric fields>{150 mV/m) observed by Cluster at
° Z: . SRS o s N o @ ooj* E geocentric distances of 4R and a latitudinal coverage
0 . = -0 corresponding to very high latitudes from the poleward part
MLT of the auroral oval and the entire polar cap.

Due to the orbit of the Cluster satellites, there is a co-
Fig. 11. The upper panel displays the electric field intensity versusgependance between latitude and altitude. This makes the
the FAC magnitudes while the other two panels display the FACinterpretation of the electric field latitude and altitude distri-
e e s e e 108 o psbiions more complicaied. To rescve s ambiguiy,hgh
as in Fig 10 plots. P 9sy and low latitude events were separated into two groups. For
o each of the two groups the number of events, the probability
of finding an event and the average electric field were plotted
downward FAC, on the other hand, occur within the statis-versus the geocentric distance. The observed peak in the alti-
tical auroral oval in the morning sector but at higher lati- tude distribution could then be explained as due to latitudinal
tudes in the noon/afternoon sectors. There are also eventsriations.
of downward FAC at lower latitudes in the evening sector. In a subset of events, with electric field intensities in
The general trend is that the small-scale FACs have directhe range 500-1000 mV/m, identified by having clear bipo-
tions which are consistent with the large scale Region 1 curdar signatures, both diverging and converging electric field
rents and, at higher latitudes, with the NBZ-current systemstructures were found. This implies that U-shaped poten-
(lijima and Shibajj 1987 prevailing during northward IMF  tial structures extend up to and beyond 4 geocentric
conditions. In the middle panel of Fig.0 the magnitudes distance. The type of structures are also found to be con-
of the electric field events are plotted versus their scale sizessistent with the direction of the associated FACs. A lack
All events are small scale but the events below 2 km are domef intense electric fields associated with U-potentials (above
inated by downward FAC diverging electric field structures. 4 Rr geocentric distance) were reported Jgnhunen et al.
Most events are observed to have scale sizes in the range 33999. In a later study on auroral potential structurédar(-
4 km, somewhat smaller than the 4-5 km range seen ir8Fig. hunen et al.2004), the lack of an intense electric field was
obtained from all events. The bottom panel in Fif).dis- found to be restricted to the range of 3R4 geocentric
plays the magnitude of the electric field events versus alti-distance. Unfortunately, that range is not investigated in
tude. No clear difference between diverging and converginghis statistical study, where the range is & geocentric
electric fields can be seen in the altitude distribution, but bothdistance. Above &z geocentric distancdanhunen et al.
types are found throughout the altitude range covered in thig2004 found auroral potential structures. Event studies of
study (4-7Rg geocentric distance). Cluster observationdMarklund et al, 2002, Vaivads et al.
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2003 Marklund et al, 2004 show that both diverging and sizes than converging electric field structures.
converging electric field structures do extend to Cluster alti- e MLT distribution is found to have peaks in the late

tudes. Figueiredo et al. (2005) found a Cluster convergingevening to early moming sectors (consistent wirlsson
electric field event at a geocentric distance of approximately, 4 Marklund 1996 and in the noon sector, where the sec-
4.6 R, conjugated with an auroral arc structure observed by, 4 peak corresponds to high-latitude cusp events. The day-

the ground-based South Pole All-Sky Imagkmhunen etal.  giqe events observed bgarisson and Marklun€L996 were

(1999 discarded some events since they were either considg,nq at more geomagnetic active periods but no dependency
ered to have too small potentials (1-2 kV) or that were too

on geomagnetic activity was found for the midnight and early

small they were not consistent with U-shaped potential Struc'morning events. In this study the occurrence of events was

tures. In the Cluster observations, perpendicular potential$, ng to increase with increasini, value, i.e. for greater

inferred from electric field measurements in the range 2—3 ngeomagnetic activity. This discrepancy in the midnight and

have been shown to be consistent with the characteristic ®Mhorning sectors might be explained by the geomagnetic ac-
ergies of electron beams (eMarklund et al.(2004). Fur- ity having a greater effect at higher altitudes and latitudes.
ther, monopolar electric fields, indicating S-shaped potentiakrg activity dependence is also seen as variations in the lati-
structures, have been observed by Cluslehgnsson etal.  y,qe gistribution, consistent with the equatorward movement
2004. For the larger set of events in this study where the 4t the auroral oval during more active periods. Low activity

types of electric field structures have not been determined, ity ents have a peak in number of events at higher latitudes
is reasonable to believe that there are both diverging and COMsompared with the high activity events.

verging electric fields corresponding to U-shaped potentials - .
structures, as well as S-shaped potential structures. Keiling et al.(2001) have used Polar data to study the dis-
The direction of the FACs associated with the subset oftfibutions of the electric fields in the auroral oval. A majority

intense electric field events are found to occur consistently? their events were found in the nightside auroral oval but

with those of the large-scale Region 1 and NBZ current sys-a concentration of events was also found around 15:00 MLT,
hich they contribute to the hot spot (a region of increased

tems. It is not obvious why the small-scale current systemé"’ h i A
should match the large-scale current systems but the fact thapW-latitude acceleration activigNewell et al, 1999). The
they do, supports the picture of the large current system beina/_'LT d.IStI‘IbutIOI’] found in th_|s study is consistent W|th_ the
roughly the sum of the small-scale current systems. nightside peak found bieiling et al. (200). A peak in

The average electric field magnitudes are found to beMLT distribution is not seen around 15:00 MLT. However,
smaller at higher latitudes, implying that the high-latitude SINc€ this study also cover high latitudes, including a peak of

auroral events are typically less intense than those at lowefUSP €vents at noon, an afternoon peak in the MLT distribu-

latitudes in the auroral oval. The probability of finding an tion Might not be revealed. More events are tough found in
intense electric field event also decreases abof9€ 7. at. the afternoon sector as compared to the late morning sector.
The events found at noon are all observed aboveCTELat, Further Keiling et al.(200]) found that all their most intense

i.e. these events are likely to occur in the cusp reghdark- events occurr_ed a_t periods of geomagn_ehc d]sturbances_. The
lund et al, 199Q Palmroth et al.200). The conclusion is events found in this study occur mostly in periods of medium

that the observed intense electric fields are most likely to bdd®0magnetic activity, with an increasing probability up to at

found within the auroral oval, although there are also obser/€astK,=4. Keiling et al. (200 also reported that they

vations of events at higher latitude in the polar cap. found most of their intense events in the plasma sheet bound-

Borovsky (1993 give the scale sizes of the most fine- &Y layer (PSBL), and with a smaller part occurring in the

structured auroral arc elements as approximately 100 mgentral plasma sheet (CPS). The location of the events of this

while the scale sizes of auroral arcs are one order of magStudy relative to the PSBL or CPS has not been determined
nitude larger and the region of diffuse glow around auroralTOM particle data. This is the subject of an on-going inves-
arcs are some hundreds of km. In a statistical study of intensgation which also looks at the relation of the kind of elec-
electric fields observed by Frej&drisson and Marklund trlcﬂ_eld structure (monopolar or bipolar) to different density
1999 the typical scale size were found to be less than 5 kmdradients.

In this study the scale sizes of the electric field structures are The altitude distribution is unclear due to the orbit of
mostly less than 10 km (mapped values), with the numbetthe Cluster satellites and the co-dependance between high-
of events peaking in the range 4-5km, consistent with whatatitude and high altitude. The number of events and the
has been observed in Cluster event studies of intense corprobability of finding an event peak at 5.0-R5 geocen-
verging/diverging electric field structures associated with thetric distance but most of these events are found around
auroral current system (for exampharkliund et al(2004). 75° CGLat, where the latitude distribution also peaks. How-
Theoretical predictions give scale sizes in approximately theever, intense electric fields (presumably diverging or con-
same rangeBorovsky, 1993. The events having the small- verging bipolar or monopolar electric field structures) are
est scale sizes were associated with the highest average eldound throughout the investigated altitude range (4.0K¢.0

tric fields, as found bKarlsson and Marklungd199§. It is geocentric distance), although the events observed at the
also found in this study that diverging electric field structures highest geocentric distances@.5 Rg) are at the highest lat-

(in the subset of events) are associated with smaller scaldudes 75° CGLat).
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