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Abstract. The magnetic activity at auroral latitudes is Keywords. lonosphere (Auroral ionosphere; Electric fields
strongly dependent on season. During the dark season, wheand currents; lonosphere-magnetosphere interactions)

the solar zenith angle in the polar region is larger tharf 100
at all local times, the ionospheric conductivity is much re-
duced, and generally low activity is encountered. These timel
intervals are of special interest for the main field modelling,

because then the geomagnetic field readings, in particulafhe auroral regions in both hemispheres are characterised by
the field magnitude, are only slightly affected by ionospheric 5 yige range of magnetic activity. Main driver is the inter-
currents. Based on CHAMP data, this study examines howyciion of the solar wind with the magnetosphere. Processes
t_hese quiet periods are reflected in th(_a d_|fferent magnethaking place at the magnetopause or in the magnetospheric
field components. The peak FAC density is used as & poSg,j| are coupled by field-aligned currents (FACS) to the high-
sible proxy for the deviation of the total field. As a second |45it,de jonosphere. Furthermore, the intensity of the FACs
option, the transverse field component, which is aligned withcay pe influenced by the conditions in the ionosphere. Wang
the auroral oval, is investigated, because it presents & megy g). (2005) showed that the conductivity induced by solar ir-
sure for the FAC total current. Correlation analyses with the ajation has a strong influence on the current strength on the
scalar residuals are performed and both proxies are tested fof,y side. Conversely, on the night side, these authors found
their suitability of predicting the intensity of the auroral elec- |iyje dependence of the FAC intensities on the solar zenith
trojet during the dark polar seasons. The indicators based ogpgle. In this time sector the effect of precipitating electrons
the local FAC strength or on the amplitude of the transversesgems to play a dominating role for maintaining the iono-
component show a reasonable correlation with the electrojegpheriC conductivity.

intensity for these periods, but fail when limited to small am- |, ihis article we want to focus on periods with very weak
plitudes. The predictability improves considerably if the time ¢;rrents. Such intervals are of particular interest for mod-
sector is limited to dayside hours (08:00-16:00 MLT). As the g|jing studies of the internal magnetic field since ionospheric
activity at high latitudes is strongly controlied by the solar ¢;rrents have to be considered as a source of noise. Ideally,
wind input, we also consider IMF quantities which may sup- 5| components would be used at all latitudes to account also

port very quiet conditions. Correlations of the magnetic field ¢, i1 ionospheric currents in the modelling. As this can-

scalar residuals with the merging electric field are strongest if,4 pe achieved. at high-latitude regions only the field mag-

only passes in the dayside sector are considered. Best selegde is used in main field studies (e.g. Langel and Estes,
tion results for quiet passes are obtained by combining four ggs. osen 2002). This is done in order to avoid the in-

conditions: dark season, small average merging electric fieldg ,ance of large magnetic deflections caused by field-aligned
E, <0.8mV/m, absence of peak values Bj,>1.2mVIM ¢ rents. The total field, on the other hand, is affected pre-

during a time interval of 40min centred at-the poilar CrosS-gominantly by horizontal ionospheric currents, such as the
ing, and limitation to the dayside sector (08:00-16:00 MLT). 5 roral electrojet. Since the electrodynamics at auroral lat-

The set of quiet polar passes identified by these criteria mayy,qes is driven primarily by field-aligned currents, there is
be used beneficially in crustal field modelling of the polar 4 ¢|ose relation expected between the electrojet strength and

Introduction

regions. the FAC intensity.

It has been shown that standard magnetic activity indices
Correspondence td?. Ritter like K, or Dy; are not very efficient for selecting periods of
(pritter@gfz-potsdam.de) quiet times at auroral latitudes (Ritter et al., 2004a). Slightly
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the quantities, and thus to reveal the functional relations be-
tween the currents.

At high latitudes, the ionospheric currents comprise Hall,
\/ A Pedersen and field-aligned currents (FACs). All three con-
tribute to the magnetic fields measured by satellites. As has
Y N been noted before, for main field modelling only the pertur-
\/ A bations of the field magnitude are of concern. These devi-
ations of the total field are produced by the toroidal current
W A 22l 3 component, which is predominantly carried by Hall currents.
) - It may thus be of interest to see how the Hall currents or the
Jz electrojet are related to the intensity of field-aligned currents.

ZI For our assessment we assume a pair of oppositely directed
X

FAC sheets that are aligned with the auroral oval. The iono-
spheric conductivity is taken to be homogeneous, which is
y reasonable for quiet times. The FACs are then closed in the
E-region by Pedersen currents, and Hall currents flow along
the oval, in this case representing the electrojets. The antic-
Fig. 1. S_ketch of the 3_-D geometry and coordinate system used her‘i’pated current configuration is sketched in Flg. For our
to describe the polar ionospheric current system. calculations we use a coordinate system where the FACs are
aligned with the z axisf), the electric field,E, is pointing
in x direction, i.e. along the geomagnetic meridian, and the
Hall current,/Jy, is flowing in y direction. Under these con-
ditions the relations between the currents can be expressed

better are the polar cap index, PC, or the auroral activity in-
dex, AE. These indices, however, reflect mainly the level
of activity on the night side rather than on the day side. As
has been demonstrated by Wang et al. (2005), quiet inter®>

vals on the day side are observed predominantly during the; . (SpE) = —j 1)
dark polar winter months. Another controlling factor is the P : £ 5
coupling efficiency between the solar wind and the magneto- Hy = <H Bx @

sphere, which can reliably be described by the merging eleCWhen combining Eqs1j and @) we obtain
tric field, E,,, (Kan and Lee, 1979).

In this study we make use of five years of CHAMP mag- Xp Jpu,
netic field observations to find out the periods of low electro- 5., “gx e ®)
jet activity. Our aim is to identify the conditions prevailing o
during quiet intervals. The investigations presented here ar&/hereZy andxp are the height-integrated Hall and Peder-
regarded as an extension of the paper by Ritter et al. (2004a$€n conductlwt_les, respectively. Since the_ rgtlo betwe_en the
In that study an attempt was made to predict the activity levelconductances is rather constant, the meridional gradient of
during CHAMP polar passes based on solar wind conditionsthe Hall current reflects the distribution of the FAC density.
The achieved success rate was ranging around 50%. Here, At auroral latitudes the magnetic inclination is almost.90
we will test the efficiency of further local quantities like the Therefore, changes of the total field are caused primarily by
FAC intensity or the deflection of the azimuthal field com- the electrojet. The current density profileex), of the elec-
ponent as possible indicators for the strength of the auroralfojet has often been approximated by a Lorentzian curve

electrojet. (e.g. Kertz, 1954; Maurer and Theile, 1978) which has the
In the sections to follow we will outline the relations be- form
tween the considered activity indicators and the electrojet 2

strength, then examine their correlations and distributions/(x) = Jo
with magnetic local time, and finally review their suitability

to identify quiet polar passages. where Jg is the peak current density and % the distribu-
tion width at half-peak value. For the spatial derivative of
this distribution, which is proportional to the FAC density
(cf. Eqn.3), we obtain

(4)

x2+a2

2 Characterisation of weak auroral currents

The various types of auroral currents are coupled through the; ; ) X

electric field and the ionospheric conductivity distribution. —— = —2Joa 2122 (%)

For a better assessment of their dependency some basic re-

lations will be outlined here. We applied some simplifying The magnetic deflection caused by a Lorentzian shaped cur-
assumptions. This allows us to use algebraic expressions faent can be expressed analytically (e.g. Maurer and Theile,
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1978). For the vertical componeri,, which reflects the and Lee, 1979; Boyle et al., 1997). In a statistical study

modification of the field magnitude best, we obtain Wang et al. (2005) showed that auroral current intensities on

1o Joa . the dayside are well correlated with the strengthEgf, as

_ K00 5 5 (6) long as it stays below the saturation electric field which is of
2 x4+ (h+a) the order of 10 mV/m. For the quiet periods considered here

whereh is the measurement height above the current sheet.we may write

When comparing Eqs5) and @) it can be seen that both

have a similar dependence on the x component. This mean&? ~ Z# fs Em (14)

a similar latitude profile is expected for the FAC density andwherefs is a scaling factor representing the mapping geom-

the b, component. For the FACs the extremes are expecte%try from the magnetopause to the ionospheric cusp. Ac-

at x,, = +a andforb; atx, =+ (h+a). cording to the TO1 field geometry (Tsyganenko, 2002a, b)

. Xp Jo its value depends on the location of the merging site. It

Jzmax = >y 2a () varies between 30 at the subsolar point and 60 for recon-

nection closer to the flanks. On the dayside the ionospheric

b, =

bimax = % 1o Jo a (8) conductance is determined predominantly by the solar irra-

4(h + a) diation. Thus it can be estimated quite reliably in this time
Thus, for the given current geometry we can anticipate a lin-sector from the solar zenith angle (e.g. Schlegel, 1988; Moen
ear relationship between the peak sizes in FACstand and Brekke, 1993).

In a similar way the electrojet can be characterised by the In this chapter we have introduced three different proxies,
deflection of theB, component measured between the FAC which can be deduced from observations, independently of
sheets. When considering the geometry, as outlined iriFig. the total field (see Eqgs7), (8), (12, and (4)). They may
the magnetic field generated by the FAC and Pedersen cuf€ suitable for assessing the level of electrojet activity and
rent circuit is limited to the y component and is termigd thus for predicting the modification of the geomagnetic field

The following relation holds under these conditions: magnitude by ionospheric currents.
.1 ab, o
2 = e dx ©) 3 patasetand processing approach
When considering Eq1f we may write For the study of the quiet time current systems we choose
1 db, 40 days of CHAMP satellite readings centered at winter sol-
% dx V- (ZpE) (10) stices. The time intervals last from 1 December to 10 January
. . in the northern hemisphere and from 1 June to 10 July in

For the given geometry this term can be reduced to the southern hemisphere. The northern dataset comprises the

(11) December solstices 2000—2004, the southern dataset com-
prises the June solstices 2001-2005, i.e. five seasons in each
and with Eq. ) we obtain one.
The ionospheric Hall currents are determined from the
by = Mo~ Juy (12) scalar magnetic field data of the Overhauser magnetometer
H on CHAMP. In order to isolate the magnetic effect of iono-
This provides a direct proportionality between the residualspheric currents in the CHAMP measurements, the contribu-
of the By-signal in satellite measurements and the electrojetions from all other sources are removed from the scalar field
strength. readings. Accordingly, the data processing includes subtrac-
A third parameter, that may be used to characterise thdion of the main field model CO2 (Holme et al., 2003), em-
electrojet strength, is the merging electric field,. It is ployed up to degree and order 14, and elimination of the ring

by = pwoXp Ey

defined as current effect Dy, — correction), using the external set of
9 coefficients of the same model. We also apply a trend cor-
E, = vsw /B>2wp + B2 sir? (5) (13) rection along the polar orbit segment to account for possible

asymmetries of the ring current, and a parabolic tapering of
where vgy is the solar wind velocity,By,,. and B, the currents at the edges of the interval in order to suppress
are the interplanetary magnetic field components in GSMany spurious currents at lower magnetic latitudes|«<50°).
coordinates andd® is the clock angle of the IMF The lithospheric magnetisation is accounted for by subtract-
(6= arctan(B,,,./B;,,)). The coupling paramete#,,, is ing a recent crustal magnetic field model, MF3 (Maus et al.,
derived from merging theory assuming that the electric fields2002). All models used for data correction are consistently
in the solar wind mapped down to the day side auroral regiorbased on CHAMP and @rsted data and are developed from
are proportional to the ones at the magnetopause (e.g. Katihe main field model Oersted-10b-03 (Olsen, 2002).

www.ann-geophys.net/24/2997/2006/ Ann. Geophys., 24, Z3913-2006
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sp 2001/07/08, orbit # 05523, MLT=18.1 the current sheet in the projected MFA x-y plane. Accord-
o0 10 ing to our assumption the spatial field gradient in x-direction
vanishes. Since we cannot compute the true spatial gradients

0.3F -1100

150

& 0.15F — . . . -
: , E from single-satellite data, this method generally underesti-
= 015 1 ® mates the current densityifbr et al., 1996).

-3} +-100 Field-aligned currents are known to cover a wide range

O e e o o 1o 10 1m0 120 of spatial scales. In general, higher current densities are en-

. countered for the smaller scale currents (e.g. Ritter ard,L
sp 2002/06/03, orbit # 10632, MLT=11.1 . . . .
015 60 2006). In this study we are aiming at a comparison between

0.1F

005}
E

£ |
0
-~ -0.05

—0.1F

the derived FAC density and the residuals of the total field,
dF (cf. Egs. ) and @)). Sinced F is affected by the electro-
jet only from a distance of about 300 km below the satellite,
| no small-scale features can be resolved. In order to restrict
o015 ‘ i i i ‘ ‘ ‘ 60 the comparisons between the FAC density anditRevaria-
MO ot tion to a common wavelength range implied by the distance
to the ionospheric Hall current, both series have been high-
Fig. 2. Field-aligned current,j (red), and scalar magnetic field pass filtered with a cut-off period of 100s. This period con-
deflectiond F (blue), of two example passes across the South Poleverts together with the satellite velocity to a wavelength of
The top track is a dawn-dusk pass with relatively strong amplitudes ghout & in latitude.
the_bottom track runs from noon to midnight, in th_e graph fromleft A5 another proxy for the electrojet strength we identified
to right. It shows yve:_slker 5|gna_tures. The MLT tlme refers to the the magnetic field componert,, aligned with the FAC sheet
entry of the satellite into the displayed polar region at °leifm .
colatitude. (cf. Eq.12). Here, we apply the same assumption as for the
FAC calculation, thus employing directly the transverse com-
ponent that is aligned with the mean auroral oval.
The remaining scalar magnetic field residualg;, are Our third proxy for estimating the auroral activity is the
used for calculating the Hall current density. The horizon- merging electric fieldk,,. It is derived exclusively from so-
tal currents are approximated by a series of infinite line cur-lar wind parameters, namely the IMF components and the
rents (Olsen, 1996; Ritter et al., 2004b) and the individualsolar wind velocity. These data with 1min resolution are
current strengths are found by data inversiordéf. The  obtained from the Advanced Composition Explorer (ACE)
scalar magnetic field residuals are available at a rate of 1 Hzsatellite (final calibration). The transit time of each event
which is equivalent to 16 measurements per degree of latito the sub-solar magnetopause is calculated from the mea-
tude. For the inversion the line currents are placed at a heighgured solar wind speed. For the development of the FAC
of 110 km above the surface of the Earth. They are separatednd the propagation to the ionosphere we add another 15 min
horizontally by 2 in latitude (also approx. 110 km) over an (e.g. Vennerstrgm et al., 2002). Despite these corrections a
orbit segment of£80° centered on the closest approach to significant uncertainty in the arrival time of solar wind fea-
the geographic pole. For these calculations a static currertures is left.
system is assumed for the time of passage. Due to the orbital
velocity of & in latitude per minute an averaging effect of
approximately 5 min occurs (Ritter et al., 2004b). 4 Statistical properties of the quiet time currents
The FACs are computed from the vector data of the Flux-
gate magnetometer. For this procedure the vector compolt has been shown by Ritter et al. (2004a) that the majority of
nents are rotated into the the Mean-Field-Aligned (MFA) co- quiet polar passes are confined to the season when the pole
ordinate system. The field-aligned currents are computeds continuously in darkness. Here, we make use of this fact
track-by-track using Ampere’s laWw, xB=pj. We assume and limit our investigations to the 40 days centred around the
FAC current sheets being aligned with the mean auroral ovaftespective winter solstice. Considering the orbital period of
(Wang et al., 2005). Then the FAC densijy, can be esti- CHAMP (=~ 93 min) this time interval provides about 620

dF [nT]

mated as passes per season. If we multiply that by the five available
1 dB. years the resulting number of tracks is sizeable and forms a
J=- — (15)  good basis for a statistical study.

oy dt

Note that for observed field-aligned current densities the4.1 Relation between FAC anrtF

symbol j, is used, whereas the model FAC in Seztare

denoted;j,. v, is the orbital velocity component perpendicu- As has been shown in Se&t.a close relation is expected be-
lar to the current sheet, accounting for the spatial gradient irntween the variations of the FAC density and the residuals of
that direction.B, is the magnetic field component parallel to the magnetic field magnitude. FiguPeshows two example

Ann. Geophys., 24, 29930609 2006 www.ann-geophys.net/24/2997/2006/
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all years, np, selection: j”<0.2 Alkm?

all years, np, no selection
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Fig. 3. Correlation of the peak-to-peak valuesjgfandd F of all dark season passes at the North Pole (left). The right side diagram shows
only small events withy; <0.2 A/kmZ2. R: correlation coefficienty, i: slope and intercept of the regression line (bivariate).

passes over the South Pole. In the top panel CHAMP passe sp 2001/07/08, orbit # 05523, MLT=18.1

600

from dusk to dawn (from left to right). The red curve de- oo

picts the FAC density. Positive values represent upward cur. ~ ** ' e
rents. Here, the classicBegion1/Region2onfiguration can E o2 1200
be recognized quite clearly. The blue curve, representing the¢ =~ © 0

By [nT]

deviation of the field magnitude, exhibits the typical bi-polar 02 -200
variation: negative deflections at dusk, positive at dawn. In 04— — Pt — i ——————————— 400
general, there is a tendency of an anti-correlation betweel

the variations of the two curves, as expected from BY. ( 0.5
However, the scaling factors between the two quantities are ~ o1-
different in the two time sectors. The lower panel shows thez %%
situation for a pass from noon to midnight. Here, things are = 0\”’”""\/’\““
less clear. The electrojet activity around noon seems to be O'OSW
strongly suppressed, whereas sizeable currents are flowin _0_157 ‘ ‘ ‘ ‘ ‘ ‘ ‘ a0
on the night side. As a consequence, the typifalsigna- Moo A A meomtiude 0 0 M0

ture is degraded. Only a positive deflection peaking on the

night side is left. Nevertheless, it influences the total field all Fig. 4. Transverse magnetic component, (blue), and Hall cur-
the way into the noon sector of the auroral zone. rent,Jy (red), of the same two example passes as inZEig.

sp 2002/06/03, orbit # 10632, MLT=11.1

300
-200
-100
10

By [nT]

--100
--200

In order to get a more quantitative impression of the re-
lation between the FAC density and thé’ deflections, a
correlation analysis was performed. Fig@aeshows the re-
lation of the peak-to-peak values of these two quantities in
a scatter plot for all available North Pole passes (winter sea- $p 2 (h+a)
son). The good correlation between the FAC density and th@|mx = —— —
variation of the total field is supported by the correlation co-
efficient, R=0.79. From the slope of the regression ling, If we consider the factor.8 of Eq. (L6), take a height of
we can deduce an average relation for the dark ionosphere =300 km above the current sheet and a ralig/ X p=2

(Davies and Lester, 1999) we obtain for the half peak width
of the electrojet 2~930 km. This is a reasonable number for
= 2.8 dFmax (16) the latitudinal width of the current distribution, as seen from

where i is measured in mA/kfmandd F in nT. When com-
bining Egs. {) and @) we get

Jlimax

www.ann-geophys.net/24/2997/2006/ Ann. Geophys., 24, Z3913-2006
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all years, sp, selection: by<100 nT
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Fig. 5. Correlation of the peak-to-peak valuesRf and /g of all dark season passes at the South Pole (left). The right side diagram shows
only small events witlh, <100 nT.R: correlation coefficients, i: slope and intercept of the regression line (bivariate).

CHAMP. From these results we may conclude that, in gen- When comparing the amplitudes of the blue and red
eral, the FAC density is a suitable indicator for the expectedcurves, there seem to be differences in the four time sectors
deviations of the field magnitude. covered by the two examples (dawn, dusk, noon, midnight).
The prime purpose of this study, however, is to identify Therefore, we looked closer into the ratios betwégnand
passes with small magnetic perturbation. The mean FAC/g. Figure5a shows a scatter plot of the peak-to-peak values
density in Fig.3a is 024 A/km?, and approximately 60% of the transverse field deflection versus the Hall current den-
of the data have amplitudes below this value. So we try tosity for all South Pole passes (winter season). Again, a rea-
use a maximum FAC density gj <0.2 A/km? as a possi-  sonably good correlation witl?=0.73 emerges. According
ble selection criterion. As can be seen from the scatter plotfo Eq. (L2) the slope of the regression line can be used to es-
below this threshold dF deflections are quite small, mostlytimate the average ratio between the conductaresX .
below 100 nT, or even below their mean amplitude of 60 nT.From the regression line we obtain
The distribution obtained for this limited range is shown in
Fig. 3b. Unfortunately, the good correlation does no longer =~ Xp _ 575.10-° (18)
exist. Even for these weak field-aligned currents variationsin =~ Ty
the field strength well beyond 100 nT can be observed. Such

disturbances may vitiate modelling studies. For the conductance ratio this analysis yields

/X p=2.2, which is a reasonable value. Here again, it
and is tested how well the transverse magnetic deflecti®y,

can be used to identify passes with weak electrojets. The

mean amplitude of all peak-to-peak magnetic deflections,
According to Eqg. {2) there should exist a close relationship denotedb,, is 165nT. Again, as a threshold we used a
between the Hall current intensity and the magnetic deflecvalue below this mean valugy, <100nT. This threshold
tion of the component parallel to the current sheet. Typicalconfines the majority of the Hall current intensities below
examples of such a comparison are shown in Fig#gain, their mean amplitude of 0.3A/m. Figurgb shows the
the upper panel presents a pass from dusk to dawn and thdistribution of this truncated distribution. There is hardly
lower one a pass from noon to midnight. As expected, theany correlation left when the transverse field deflections
variations track each other quite closely, although there arare limited to small amplitudes. A sizable amount of cases
some differences in the details. Thisis no surprisg3jgisa  exhibit current densities beyond 0.4 A/m. According to
rather local measurement while the estimate of the Hall cur£q. 8) this converts to an approximate variation of the field
rent flowing some 300 km below is an average value over astrength,d F~100nT peak-to-peak. At this point it turns
larger area. The resolution of our Hall current estimates waut that the transverse field amplitude is also not a reliable
found to be 0.04 A/m (Ritter et al., 2004b). indicator for low electrojet activity.

4.2 Relation between Hall current density

By-deflection

Ann. Geophys., 24, 29930609 2006 www.ann-geophys.net/24/2997/2006/
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Fig. 6. Minima and Maxima of all magnetic deflection&F, sorted by magnetic local time (MLT), South Pole. The colours represent [nT].
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Dashed circles mark cgm latitudes in steps df.10nly |d F|>10nT are plotted.

4.3 Local time dependence @¥

It is well-known that auroral currents show a distinct local ferent time zones at the South Pole. From the colour-coding

To illustrate the MLT dependence during the dark season

Fig. 6 shows the distribution of F peak values for six dif-

time pattern. This reflects to a large extent the processes talef the amplitudes the typical distribution of auroral electro-

ing place at conjugate locations in the outer magnetosphergets becomes evident. During the hours after midnight the
For that reason we may expect that the relation between oured dots dominate all along auroral latitudes. These posi-

selected activity proxies and the deflections of the total field tive deflections are indicative for a westward electrojet. Dur-
dF, shows also different values in the various time sectorsing the four hours before noon, there is a mixture of positive

This assumption is supported by observations of Wang etind negative deflections. In this sector, the direction of the

al. (2005) who found a strong seasonal dependence of thelectrojet is quite variable. In addition, the number of dots
auroral currents on the dayside but little dependence on thés smaller. This is an indication of weak currents as only

night side.

www.ann-geophys.net/24/2997/2006/
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mit16 - 8 h mit 8 -16 h

,06
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3,06
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Fig. 7. Minima and Maxima of/ F [nT], sorted by MLT into nightside (16:00-08:00 h, left) and dayside (08:00-16:00 h, right), South Pole.
Top frames: all events; bottom frames: only events vjjta0.2 AlkmZ.

|d F|>10nT are plotted. After noon, the blue dots dominate the threshold ofA By, but the ratio between selected passes

showing the dominance of the eastward electrojets. Duringand those with! F>50 nT stays worse than the yield by the

the hours before midnight, we find a co-existence of the eastFAC criterion.

ward and westward electrojets, the latter is found more pole- The results of these tests are not regarded as fully satis-

ward. fying, presumably because of the simplifying assumptions
After having seen the distribution afF for all passes we built into the models of electrojets and FACs. Even though

applied selection criteria for finding the passes with mini- the selection by FAC density yields better results, there re-

mum deflections. As a first criterion we limit the time sector mains a general uncertainty inherent to FAC estimates based

to dayside hours, i.e. 08:00—16:00 MLT. During these hours,0n single spacecraft and the assumption of uniform conduc-

we find the smallest amplitudes in Fi§. The top row of tivity. In the selection process a number of passes could not

Fig. 7 shows the peak values sorted into two MLT bins only: be considered at all, as their angle between current sheet and

08:00-16:00h and 16:00-08:00h. As an additional condi-satellite orbit falls below 30 At such small angles the FAC

tion we request the FAC density to be less than 0.2 Alkm estimates become very unreliable.

The bottom row of Fig7 shows the application of this thresh-

pld for the Mo MLT ranges. The number of available Passes, 4 Relation between the merging E-field ahil

in the dayside bin is not only largely reduced compared to the

previous MLT sorting, but also the amplitudedf is much | their earlier study Ritter et al. (2004a) demonstrated that
smaller within the selected subset. The rejected time sectofhere is a close relationship between quiet polar passes and
(nightside) contains clearly larger deflections. the strength of the solar wind merging electric fiel,,.

We also tested the second criterion, i.e. the peak deflectiopfter having tried theocal activity indicators we are inter-
of the transverse componerg,. The threshold applied is ested how efficiently thisemoteparameter can be used to
by <100 nT. Combining this criterion with the dayside hours find quiet passes. In contrast to the above mentioned publi-
08:00-16:00 MLT provides a distribution @ amplitudes,  cation we limit our investigations here to the dayside hours
as shown in Fig8. Now, the number of passes in our selected 08:00-16:00 MLT. These were shown to respond most di-
time window is larger, and the events wittf>50nT are  rectly to E,, by Wang et al. (2005).
even more frequent. Apparently, oBy-criterion seems to be
less efficient in selecting the undisturbed passes. We varied
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Fig. 8. Minima and Maxima ofd F [nT], left frame: nightside (16:00-08:00 h); right frame: dayside (08:00-16:00h), only events with
by<100nT, South Pole.

In Sect.2 we suggested a linear relation between the merg- all years, sp, sel: none, MLT 08-16
ing electric field and the Hall current density (cf. Bd). In 8 ‘ ‘ ‘ ‘ ‘
order to test this assumption the relation between the two
guantities is plotted. Figur® shows the results of a cor-
relation analysis for passes within the time sector 08:00—
16:00 MLT. The scatter is quite large and therefore the result
is not too significant. Nevertheless, we may use the slope
s of the regression line to estimate the relation betwEgn
andJy.

R=0.52, s=5.92, i=0.00

m [mV/m]

En~59-102Jy (19) w

When comparing this number with Eq.4) and using an av-
eragefs of 45 we obtain a Hall conductance &fy 5=3.7,
which is a reasonable value for the dark hemisphere.
Having verified a relationship betwedt), and the auro-
ral current strength we tested several criteria for identifying 3 ‘ ‘ ‘ ‘
quiet periods. The first one follows the suggestion of Ritter 0 02 04 ([’,f,m] 08 ! 12
et al. (2004a) to use a limit af,, <0.8 mV/m as an average .
value over an interval of 40 min centered around the pole pas-

o . M Fig. 9. Correlation plot of the average merging electric fielt,,
sage. The distribution and amplitude of the peak deflections, 4 e peak-to-peak values of the Hall currestgg, of the dayside

in dF are shown in Fig10. In the selected dayside hours passes (08:00-16:00 MLT), South Poke. correlation coefficient,
(right panel) the amplitudes are much smaller than during;_ ;: siope and intercept of the regression line (bivariate).
the night.

Some of the passes in the right frame still exhibit ampli-

tudes beyond 50 nT. We suggest that the variabilityEgf ) . ) )
during the 40 min interval considered could be quite Iargeable' predominantly positive deflections to be observed. This

and cause temporary current enhancements. In order to ef0€ans westward electrojets are flowing even during times of
clude those passes we added the requirement that the pel®V Solar wind input.

value of E,, should not exceed 1.2 mV/m during the 40min  So far, we presented the local time dependence of the au-
interval. This threshold is also taken from the statistical studyroral activity for the southern hemisphere. In the northern
of Ritter et al. (2004a) and marks tlig, amplitude beyond hemisphere, quite similar results were obtained. The lower
which the occurrence rate &f,, values of quiet passes drops part of Fig.11 shows the distribution of deflections in the
below 50% compared to that of the complete dataset. Thigotal field for the combined selection criteria &f,, aver-
requirement removes many of the outliers (see El.top age value below 0.8 mV/m and peak value below 1.2 mV/m,
part). The remaining distribution ef F peaks seems to be in the northern polar region. Again, the dayside sector is
unrelated to auroral processes. They reflect probably moréree of aurora-related disturbances while on the nightside the
crust-related anomalies which have not been accounted fooval is well marked by peak deflections. Interestingly, there
by the applied model. On the night side, there are still size-is a distinct patch of positive deflections north of Canada,
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Fig. 10. Minima and Maxima ofd F [nT], left frame: nightside (16:00-08:00 h); right frame: dayside (08:00-16:00 h), only events with
averager,,; <0.8 mV/m, South Pole.

mit16 - 8 h mit 8-16 h

-100 0 100 -100 0 100
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Fig. 11. Minima and Maxima ot{F[nT], left frames: nightside (16:00—-08:00 h); right frames: dayside (08:00-16:00h), only events with
averager,; <0.8 mV/m and peal&;;, <1.2 mV/m during the hemisphere crossing (40 min). Top: South Pole; Bottom: North Pole.

centered at approximately 138/, 80° N. There seemstobe 5 Discussion

a prominent magnetic anomaly which is not sufficiently ac-

counted for by the magnetic field model used in this study. A ) ) ] _ o

positive magnetic anomaly can indeed be observed in recenthe prime purpose of this study is the investigation of auro-

crustal anomaly maps e.g. by Maus et al. (2006) and Thebaufi@l electrodynamics during quiet periods. It is not a simple

(2006). task to identify low activity intervals from common indices
The finally evolved selection criteria that impose limits on SUCh sk, Dy, or AE. We tried a different approach, using

the merging electric field, the season and the local time havéocally determined current parameters. For the modelling of

been shown to work well in both hemispheres. the internal magnetic field it is most important to use mag-
netic field data from satellite passes that are least disturbed by

ionospheric currents. An important modulator of the auroral
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Table 1. Quiet period detection yield for the various selection criteria presented in 8ek#.4.

South Pole North Pole
selection criterion all MLT 08:00-16:00 MLT all MLT  08:00-16:00 MLT
none 5417 1465 5369 1529
ji < 0.2 A/km? 2811 716 2969 1073
by<100nT 2486 767 2099 783
E;;<0.8mV/m 2410 679 2082 679
Em <0.8mV/m & E“m <1.2mV/m 1770 502 1462 503

activity is the amount of solar illumination of the polar re- higher than the average as estimated by Davies and Lester
gion. Therefore, we limited our study to 40 days centered(1999). Here, we have to keep in mind, that the slope of
around the hemispheric winter solstices. It is common practhe regression line fitted to the data scatter is determined
tise that at high latitudes only the field magnitude is used formainly by the strong events. It is known that the ratio be-
main field modelling. The idea was therefore to use the sigtween the conductances is elevated during disturbed periods
nature of the transverse components that are not considerge.g. Schlegel, 1988). When limiting the attention to weaker
in the modelling for predicting the total field variations. An- events, the degree of correlation is severely reduced prevent-
other underlying assumption is that, at high latitudes, shorteing a reliable calculation of the regression line. We therefore
scale crustal anomalies cause only relatively small defleceannot check whether the conductance ratio is close to 1, as
tions in the transverse components. Therefore, no generione would expect.
crustal signal would be removed by this procedure. To achieve our prime goal, the selection of quiet-time po-

In a first test we used the FAC density as an indicator forlar passes, we considered only cases with small peak-to-peak
the auroral activity. As is shown in Se&, a close relation deflectionsp, <100 nT. The explanation for the poor corre-
between the FAC density and the deviation of the total fieldlation is the same as before. The deflectibp, is a local
is expected. When considering data from all days the corremeasurement, but the Hall current is influenced by inputs
lation analysis confirms the expected relation between thesever a larger area. Therefore, also this indicator cannot be
two quantities. Based on this dependence it was hoped thatsed straight away for identifying periods of low activity.
FAC estimates can be used to select passes with low deflec- In our quest to single out undisturbed satellite passes we
tions of the total field. However, when limiting the dataset to investigated the local time dependence of the activity. Wang
cases with small FAC densitieg, <0.2 Alkm?, the correla- et al. (2005) had found already, that the seasonal dependence
tion with total field variations breaks down. Our explanation of the auroral current strength is virtually confined to the
for this drop of correlation is that the intensity of the electro- dayside sector. In agreement with this conclusion we find
jet causing the/ F deflection is not only dependent on local the smallest deflections in the total field during the pre-noon
FAC strength but is also influenced by FAC closing further hours. Based on these observations we tested the efficiency
away. These signatures, however, are not detected by thef the indicators introduced above, when the data sampling
single satellite FAC estimation method used here. Anotheiis limited to the dayside sector, 08:00-16:00 MLT. The re-
limitation of this method is that FAC densities cannot be de-sult is quite promising for the FAC criteriopiy <0.2 A/km?,
termined uniquely. Assumptions have to be made on the geThere are only rather few passes exhibiting deflections with
ometry of the FAC sheets. Uncertainties generally result inamplitudes exceeding 50 nT. Our transverse field criterion,
underestimations of the FAC densityl(tr et al., 1996). For 5, <100nT, is less effective in detecting the quiet passes.
all these reasons the local FAC density can in general not be Another quantity reflecting the solar wind input to the
considered a suitable indicator for quiet polar passes. magnetosphere is the merging electric field,. It was

As another proxy for the auroral current activity we used already identified by Ritter et al. (2004a) as a useful in-
the deflection of the transverse magnetic component, alignedicator for auroral activity. When applying the limitation,
with the auroral oval. This field componert,, has been E,;;<0.8mV/m to the satellite passes, as suggested there,
shown to be, under certain conditions, proportional to thewithin the time sector 08:00-16:00 MLT, a rather good se-
Hall currents of the electrojet. Here again, the correlationlection of quiet passes results. Since the calculatiof,pf
analysis confirms a linear relationship when data of all dayss based on ACE data propagated to the magnetopause, there
are considered. The slope of the regression line can be usdd an uncertainty in the timing of the solar wind data with
to derive the average ratio between the Hall and Pederserespect to ionospheric observations. To account for this un-
conductances. The estimated valblg;/ X p=2.2, is slightly  certainty, we used averages of 40 min centered at the time
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