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Abstract. We document a characteristic spatial and tempo-are great challenges to the magnetospheric physics commu-
ral structure of the aurora in the postnoon sector present dumity. One of the factors that contribute to the complexity of
ing a 10-h-long interval of very steady southeast IMF orien-the problem is the variability of external conditions in the
tation (clock angle=135 ending in a sharp south-to-north solar wind. To mitigate the problem of separating the spa-
transition. Focus is placed on the detailed morphology oftial and temporal structure we have searched for long in-
auroral forms/activities corresponding to merging and lobetervals of “steady” IMF and solar wind conditions. Under
convection cells obtained from SuperDARN convection datasuch conditions one can expect rather stable particle precip-
and Greenland magnetograms. The ground optical instruitation boundaries. One can use continuous auroral observa-
ments at Ny,&lesund, Svalbard (P6MLAT) recorded dif-  tions from a single ground station to delineate spatial struc-
ferent auroral forms/activities as the station moved to higherture in the precipitation pattern as the station sweeps through
magnetic local times (MLTSs) in the 13:00-17:00 MLT sec- different sectors of magnetic local time (MLT). In a recent
tor. Whereas the 13:00-15:00 MLT sector is characterizedstudy this technique has been used to reveal interesting spa-
by classical poleward moving auroral forms (PMAFs) asso-tial structure within in the 09:00-14:00 MLT sector during
ciated with merging cell transients, the aurora in the 15:00-southeast directed IMF (Sandholt et al., 2004).

17:00 MLT sector shows instead a characteristic latitudi-

nal bifurcation consisting of standard oval forms and polar An outstanding spatial structure in the dayside aurora ap-
arcs, and a corresponding composite pattern of merging anB€aring during intervals with IMB. <0 and non-zero IMF
lobe convection cells. The merging and lobe cells respondBy component is the presence of a longitudinally restricted
to the southward and northward IMF transitions by activa-and of strongly attenuated auroral emission, a so-called
tion/fading and fading/activation, respectively. A sequence Midday gap aurora”, surrounded by auroral brightenings on
of brightening events is characterized by successive activaboth sides. The “midday gap aurora” is characterized by
tions progressing in latitude from the merging cell regime the absence<1kR) of green line emission, and attenuated
to the lobe cell regime. Emphasis is placed on the associaed line intensity, particularly during, >0 conditions (Dan-

tion between polar arc brightenings and the activation of thedekar and Pike, 1978; Sandholt et al., 2004). The bright-
channel of enhanced sunward flow in the lobe cell. The ob-ening events in the pre- and postnoon sectors are followed
servations are discussed in relation to recent work on solaPy Poleward moving auroral forms (PMAFs). The latter au-

Wind_magnetosphere_ionosphere interconnection topology_ rora iS Considered to be a Signature Of ﬂUX transfer events
) , _(FTEs) (Sandholt et al., 1990; Fasel, 1995). The auroral fea-
Keywords. Magnetospheric physics (Auroral phenomena; y,re mentioned above is an example of a precipitation struc-

Magnetopause, cusp gnd boundary layers; Solar windyre that can appear within the field of view of one sin-
magnetosphere interactions) gle ground optical instrument, due to the fact that widely
separated magnetopause plasma sources may map to rather
closely spaced locations in the ionosphere (Sandholt et al.,
1 Introduction 1998; Mayn_ard et al_., 2001; Sz_indholt _et al., 2004). The auro-
ral observation has important implications for magnetopause

The question of the spatial and temporal structure of the®connection topology. Itis consistent with the recent MHD
cusp/cleft ionosphere and its relationship to solar wind-Simulation results of Park et al. (2006) in that the most

magnetosphere interconnection topology have been and stifl€0-effective magnetopause reconnection process under the
given IMF condition occurs where the magnetic fields are

Correspondence to: P. E. Sandholt near anti-parallel in the pre- and postnoon sectors, well away
(p.e.sandholt@fys.uio.no) from the subsolar point. Thus from the auroral observations
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showing the presence of three different auroral features i(1998), the lobe cell may not disappear when the IBIF
three different MLT sectors (PMAFs/prenoon, “midday gap component goes negative as long as a substahtiabmpo-
aurora”, PMAFs/postnoon) we may learn that different re-nent is present (see also Reiff and Burch, 1985). WBgn
connection modes are simultaneously in operation during as large in comparison t®,, the lobe cell is thought to exist
southeast (or southwest) IMF. First, there is an intermittentregardless of thé, polarity. This result has been confirmed
type activity (FTEs) corresponding to the auroral brighteningby observations from the FAST satellite reported by Eriks-
events/PMAFs. Second, there is a quasi-steady reconnecticson et al. (2002, 2003) and from DMSP F13 data during in-
mode originating in the subsolar region and corresponding tderplanetary magnetic cloud conditions reported by Sandholt
the more stable auroral arc (“midday gap aurora”) stretchingand Farrugia (2006a). They find that a lobe cell is generally
across noon. The implication is that the subsolar reconnecpresent whenB, /B;|>1. We note that their examples are
tion is of the component-type, since in the subsolar region thenmainly from the summer and spring (March—April) seasons
geomagnetic field and the IMF with a nonzétpcomponent  so none suffered from a seasonal disadvantage. By contrast
are not anti-parallel (Moore et al., 2002). we address here the winter season.

In this paper we shall apply the technique of continuous In a previous case study of the aurora under similar IMF
ground observations during quasi-steady external conditiongonditions §=135; B, positive) we claimed to see auro-
for monitoring spatial magnetospheric structure in the post—ral and convection signatures of a lobe cell (Sandholt et al.,
noon (14:00-17:00 MLT) sector during an interval of south- 2003). However, since in that case the optical and ion drift
east IMF orientation (clock angte135’). We shall in par-  coverage in the postnoon sector was limited, the interpreta-
ticular be concerned with the structure in aurora/precipitationtion was not unambiguous. It was not a trivial task to distin-
which is associated with a composite pattern of merging andyuish between auroral activities related to the lobe and merg-
lobe convection cells. According to large statistical studies ofing cells in that case. This limitation also applies to the study
convection data, the lobe cell under the given IMF conditionsof Sandholt et al. (2001).
is most strongly manifest in the summer season (Weimer, In the present case we have very good optical coverage in
1995). Since our case (12 December) is close to winter solthe whole postnoon/dusk sector so this is a good opportu-
stice the question of the presence of a lobe cell in the northermity to document the appearance of lobe cell signatures. A
hemisphere is an interesting issue. We shall place the focugramatic change in the auroral structure was observed from
on the auroral signature. the ground site at11:20 UT/15:00 MLT under steady IMF

Before returning to the lobe cell auroral activity, we com- conditions. From mid-afternoon to dusk local times (15:00—
ment on the merging cell aurora under nonzé¥p con-  17:00 MLT) the aurora configured in two latitudinally sep-
ditions, which is dominated by the brightening events andarate branches, which we shall attribute to the presence of
PMAFs mentioned above. In the dusk cell each event is obmerging and lobe convection cells. This interpretation is
served to expand westward (noonward) and poleward in thehen supported by plasma convection data obtained by Super-
~12:00-14:00 MLT sectorSandholt et al., 1990, 1998; Mi- DARN radars. Our interpretation is strengthened further by
lan et al., 2000; Sandholt and Farrugia, 2003). This aurothe response of aurora/convection to the two distinct south-
ral activity and motion is confirmed in the present case. Itward and northward/eastward rotations of the IMF in the pe-
may be explained by transient events of antiparallel recontiod we study (recorded by Wind at 12:00 and 12:30 UT,
nection occurring at high magnetopause latitudes in the postrespectively).
noon sector (Maynard et al., 2001, 2003; Sandholt and Far- |n the present paper we shall therefore be able to docu-

rugia, 2003). In a recent study we pointed out the presencenent for the first time the detailed dynamics of the aurora and
of an interesting contrast between PMAFs in the prenoonplasma convection in a composite pattern consisting of merg-
and those appearing in the postnoon sector (Sandholt anihg and lobe cells under the stated IMF conditions. This ob-
Farrugia, 2006b). While the PMAFs/prenoon develop in servation is discussed in the context of recent work on solar

three stages (latitudinally separate forms) spanning a latiwind-magnetosphere-ionosphere interconnection topology.
tude range o500 km, the highest-latitude stage is absent

in PMAFs/postnoon forB, >0, which after the initial in-

tensification, progressively fade. The precipitation asym-2 Data presentation

metry about noon in the PMAF activity is found to be as-

sociated with the dusk-dawn convection asymmetry and the.1  IMF and solar wind plasma data

solar wind-magnetosphere interconnection topology induced

by IMF B,. Figure 1 shows solar wind plasma and IMF observations
The lobe cell is generally thought to be a northward IMF obtained from spacecraft Wind during the interval 08:00—

phenomenon. In such cases the requirement of near antipat-4:00 UT on 12 December 1999. Wind was beyond the dawn

allel IMF and lobe field is easily fulfilled in magnetopause terminator at 12:00 UT (-13.8; —57.3; 158}. A steady

regions poleward of the cusp (Crooker, 1979). However,5nT IMF pointing south-east (average=-3nT,B, =3nT,

according to the MHD simulation study of Crooker et al. clock angle=13%) is embedded in a slow (375 km/s) and

Ann. Geophys., 24, 3421-3432, 2006 www.ann-geophys.net/24/3421/2006/
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WIND /SWE /MFi December 12, 1999 (GSM)

|
wran

& / 8 9 10 11 12 13 14
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Fig. 1. Solar wind plasma and IMF observations from spacecraft Wind during the interval 06:00-14:00 UT on 12 December 1999. Panels
from top to bottom shows proton density, temperature, bulk speed, solar wind dynamic pressure, the total field intensity and the GSM
components gy, By, and B;) of the interplanetary magnetic field (IMF), Alfven-Mach number (MA), proton beta, and the clock angle in

the GSM Y-Z plane.

low-density (1 cn3) solar wind. The only rapid changes in 2.2 Case overview
the IMF during the whole interval are the southward turn-

ing at 12:00 UT and the subsequent transition to an approxi-On an MLAT-MLT grid, Fig. 2 shows a schematic summary
mately eastward orientation at 12:30 UT (clock angle change ;

- of auroral forms for IMFB, >0 andB, <0 (clock angle range
from 160 to 100). The latter change elicited a clear response " ) N .
. . ) 90-135) conditions. FC 1-4 denote convection channels and
in the high latitude (75—-80MLAT) records from the Green- ) " vect

) . their relationships with FAC systems are indicated. Particle
land easF gham of magnetometers at 12:30 FJT (see below(})recipitation (CPS-BPS-LL-MA) and field-aligned current
_The negllg|ble _propggatlon d_e_lay between Wind and groun (FAC; C1-C2-R1-R2) data obtained from spacecraft DMSP
Is consistent with Wind's position. F7 (Sandholt and Newell, 1992) and Polar (Farrugia et al.,
2003), respectively, under similar IMF conditions (south-east

www.ann-geophys.net/24/3421/2006/ Ann. Geophys., 24, 3421-3432, 2006
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IMFB, >0
B, <O ; B

cusp 1 (“midday gap”)

DEC 12, 1999

dayside BPS

1200

0:30-

70 80 90 80 70

— FC 1-4 (flow channels)

— auroral motion
oz cusp / mantle aurora  ® FAC down
— BPS-type aurora ®© FAC up
I CPS aurora (diffuse)

Fig. 2. Schematic illustration of auroral observations in relation [
to plasma convection channels on 12 December 1999. Cusp-type [l
(LLBL, cusp and mantle) auroras are marked by hatched areas while |
the BPS-type forms are indicated by lines. Four different flow chan-
nels (labeled FC 1-4) and the associated field-aligned current (FAC) &2
structure have been marked. The coordinate system is MLAT/MLT.
Tracks of spacecraft Polar along 09:00 MLT and DMSP F7 along
10:00 MLT used to derive the precipitation/FAC information for

other similar cases have been marked. Polar arcs (PAs) on the dus [
side of the polar cap are shown.

orientation), have been incorporated in the figure (and the ) .

traces of the spacecraft trajectories shown by red and blu§i9- 3. MSP data obtained from Njlesund for the whole day

arrowed lines). The indicated precipitation regimes inferred(0%:00-17:45 UT; 08:30-21:15 MLT). Line-of-sight intensities are

from the F7 pass are central plasma sheet (CPS), bounda@bown as a function of zenith angle for the wavelengj[h channels at
. 30.0 (red) and 557.7 nm (green). North is to the left in each panel.

ﬂzf]?:(:ﬂh:)et (BPS), low-latitude boundary layer (LL) a”dMagnetic noon (12:00 MLT) = 08:30 UT.

The relationship between FACs and plasma convection is

of the type suggested by Southwood (1987). Region 1 (R 1) . . .

and 2 (R 2) FACs as well as the cusp currents C1-C2 and) 05:00-06:00 UT (08:30-09:30 MLT): high-latitude

the lobe currents L1-L2 have been marked. This schemati®fightening events and lower-latitude BPS arcs,

summary figure, with emphasis on the postnoon sector, will{i) 06:30-08:15 UT (10:00-11:45 MLT): prenoon sector

be used as a reference for the interpretation of the aurora- anla_MAFS*

plasma convection observations presented below. A detaile§f!l) 08:30-10:30 UT (12:00-14:00 MLT): postnoon sector

discussion of the prenoon sector activity has been given by, MAFS and inter-event “midday gap aurora”,

Sandholt and Farrugia (2006b). (iv) 11:20-13:10 UT (14:50-16:40 MLT): oval arc in the
south and polar arcs further north,
2.3 Auroral observations (v) 13:40-15:00 UT (17:10-18:30 MLT): homogeneous oval

arc in the south,
In order to place the postnoon sector aurora in the propefvi) 15:00-16:15 UT (18:30-19:45 MLT): poleward bound-
context we show in Fig. 3 meridian scanning photometerary intensifications (PBIs), and
(MSP) records for an MLT range extending fron morning to (vii) 16:15 UT (19:45 MLT) onwards: major substorms char-
evening on 12 December 1999. Magnetic noon (12:00 MLT)acterized by (a) double-branch aurora, (b) poleward expan-
corresponds to 08:30 UT. We draw attention to the following sions, (d) PBIs, and (e) auroral streamers travelling equa-
features: torwards from the high-latitude branch to the lower-latitude
branch (Sandholt and Farrugia, 2001; Sandholt et al., 2002a).

Ann. Geophys., 24, 3421-3432, 2006 www.ann-geophys.net/24/3421/2006/
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Ny Alesund MSP DEC 12, 1999 (630.0 nm) Ny Alesund MSP DEC 12, 1999 (630.0 nm
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30
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Fig. 4. MSP data for the interval 10:00-14:00 UT (13:30-17:30 MLT). Line-of-sight intensities versus zenith angle for the 630.0 and 557.7 nm
emissions are represented by a color coded contour plot. PMAFs and polar arcs (PAs) are marked. The intensity scale is given at the bottorr
of each panel. North is up.

After this brief presentation of gross features of the aurora We now document the 2-D aspects of the auroral activity
for the whole day we shall next focus on the aurora in theby all-sky camera (ASC) images. Figure 5 shows a sequence
postnoon-dusk sector (10:30-13:20 UT/14:00-17:00 MLT), of ASC images (interval 11:20-11:30 UT) which is represen-
which is the main topic of this paper. tative of the auroral activity observed in the interval 11:00—

Figure 4 shows the MSP data for the interval 10:00—12:00 UT. The light integration time is 2's for the 630.0nm
14:00 UT (13:30-17:30 MLT) in a color-coded contour plot. images. The central meridian at 11:30 UT corresponds to
The fine-structure is most easily seen in the green linel5:00 MLT. Four intense forms are seen in the present ASC
panel. We shall place focus on the following features: (i) images, one to the left (west of the 15:00 MLT meridian)
10:00-10:30 UT: two classical brightening events followed and three forms extending to the right (eastern) side in these
by PMAFs, (i) 11:10-12:00 UT: the presence of two lat- pictures. We identify the northernmost forms on the east-
itudinally separate auroral branches, (i) 12:00-12:30 UT:€ern (dusk) side as the polar arcs (marked PA in Fig. 2). The
intense lower-latitude branch (llb) moving equatorward, strong form (high red line intensity) on the western bound-
higher-latitude branch (hlb) mostly absent, (iv) 12:30- ary of the FOV is identified as a cusp form (also marked in
13:10 UT: weak lIb while hib is clearly present in the Fig. 2) whichin this case is intense-a4:00 MLT.
form of brightening events, (v) brightening events propa- The image sequence shown in Fig. 5 illustrates the dy-
gating from lower to higher latitudes, affecting both auro- namics of polar arcs. The evolution of the events is char-
ral branches, are observed during the following intervals: (a)acterized by a phase motion consisting of (i) the activation
10:55-11:12 UT, (b) 11:18-11:30 UT, (c) 11:40-11:55 UT, phase (intensification and westward expansion), which is fol-
(d) 12:10-12:20 UT, and (e) 12:40-13:00 UT. Features (iii) lowed by (ii) the fading phase (fading and eastward retrac-
and (iv) occur when the IMF points strongly south{(160°) tion). At a certain time the aurora typically configures as
and almost eastE100-120), respectively. 2-3 fragmented arcs being in different phases of evolution.

www.ann-geophys.net/24/3421/2006/ Ann. Geophys., 24, 3421-3432, 2006
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NYA - 12. december 1999 - 630.0 nm
11:20:00 11:22:00 11:24:30

1000

k4700

I <600

11:26:00 11:28:00 11:30:00
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£ 400

; 'v.v f \ i

i
0 > 100

Fig. 5. ASC data representation of the 630.0 nm emission for the interval 11:20-11:30 UT. The coordinate system is zenith angle versus
azimuth angle. Magnetic north is up. West is to the left.

NYA - 12. december 1999 - 557.7 nm
11:20:15 11:22:15 11:24:15

11:26:15 11:28:15 11:30:15

@ \..;

Fig. 6. ASC representation of the 557.7 nm emission for the interval 11:20-11:30 UT. Same format as in Fig. 5.
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For example, at 11:24-11:26 UT the northernmost form ispanel). The arcs to the north of this are seen to expand into

fading/retracting while a lower latitude form is in the bright- the FOV from the eastern (right) side, followed by poleward

ening/expanding phase. These various phases are marked hpd eastward retraction, as described above. We note that the

the curled arrow attached to the arcs in Fig. 2. cusp arc at the western boundary, which is strongly present

in the red line emission, does not appear in the green line

Figure 6 shows the 557.7 nm counterpart to Fig. 5. Theemission. This is consistent with the lower characteristic en-

light integration time for the 557.7 nm images is 1s. The ergy (<300 eV) of the electrons exciting this cusp-type au-

southernmost arc is a rather homogeneous precipitatiomora (Newell and Meng, 1988).

which we identify as the nightside BPS arc marked in Fig. 2.

This arc intensifies at 11:28 UT (middle image in lower

Ann. Geophys., 24, 3421-3432, 2006 www.ann-geophys.net/24/3421/2006/
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NYA - 12. december 1999 - 630.0 nm
12:30:00 12:35:00 12:40:00

1100

1000
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F =800

F {700

 -600

F =500

Fig. 7. ASC representation of the 630.0 nm emission for the interval 12:30-13:00 UT. Same format as in Fig. 5.

Figure 7 shows ASC images at 630.0 nm for the timescell (flow channels FC 1 and FC 2 in Fig. 2) at times 11:10,
12:30, 12:35, 12:40 UT (upper row) and 12:50, 12:55, and11:20, and 12:40 UT. (ii) Strongly attenuated westward con-
13:00 UT (lower row). We note the following features: vection in the duskside merging cell at 12:50 UT compared
(i) weakening of arc in southeast (lower right part) during to that at 11:10 UT. (We note that this inference is based on
the interval 12:35-12:40 UT, (ii) appearance of double cuspa spatial SuperDARN plot showing limited data coverage).
in the western part of the field of view during the interval (iii) Lobe cell convection (flow channel FC 4 in Fig. 2) is
12:50-13:00 UT (northernmost branch is referred to as cuspresent at 12:50 UT and possibly at 11:20 UT. (iv) Strong
2), and (iii) polar arc extending eastward (tailward) from the flow shears are evident in the convection cell located slightly
strong cusp 2 emission (see 13:00 UT image). The change aforth of Ny Alesund at 11:20 UT and well to the north of
auroral configuration from the upper row (12:30-12:40 UT) Ny Alesund at 12:50 UT. The locations of these flow shears
to the bottom row (12:50-13:00 UT) in Fig. 7 represents theare consistent with the the presence of polar arcs in the op-
response to a change in IMF clock angle from 160 t0°100 tical data. As we shall see below, the activation of the lobe

cell during the interval 12:30-13:05 UT (FC 4) gave rise to
2.4 SuperDARN plasma convection data corresponding positive H-component deflection recorded by
high-latitude magnetometers on the Greenland east coast.
Figure 8 shows plasma convection vectors and flow stream- From the convection data in Fig. 8 we also notice the pres-
lines obtained from SuperDARN radars (http://superdarn.ence of flow channel FC 3 in the prenoon sector, located on
jhuapl.edu) in the northern hemisphere during the fol-the downstream side of the cusp/convection throat, at 11:10
lowing intervals: (i) 11:10-11:12 UT/14:40 MLT (upper and 11:20 UT (upper panel in Fig. 8).
left), (i) 11:20-11:22 UT/14:50 MLT (upper right), (iii)
12:40-12:42 UT/16:10 MLT (lower left), and (iv) 12:50- 2.5 Ground magnetic observations
12:52 UT/16:20 MLT (lower right). The approximate FOV
of the ASC in NyAlesund is marked by white circle in Figure 9 shows magnetometer data from high latitudes on
each panel. The radar data (ion drift vectors) are supplethe Greenland eastcoast during the interval 09:00-14:00 UT
mented by a theoretical model of the electrostatic potentia(see http://www.dmi.dk/projects/chain/). The Greenland east
to obtain maps of plasma convection streamlines. Superehain is located-2 h to the west of the optical site on Sval-
DARN (Greenwald et al., 1995) provides line-of-sight ve- bard. Local noon (12:00 MLT) at the station isat0:30 UT.
locity measurements of the high-latitude ionosphere. Thes&Ve note the following features: (i) negative deflection dur-
measurements are combined using the “Map Potential” fiting 10:30-11:00 UT, (ii) negative bay disappearing from
ting technique (Ruohoniemi and Baker, 1998) to producel1:10 UT onwards, and (iii) positive deflection during the in-
maps of large-scale ionospheric convection. terval 12:30-13:05 UT. Positive H deflection corresponds to

The following features are important for this study: (i) The an eastward-directed equivalent ionospheric Hall current and

presence of strong westward flow (red arrows) in the mergingassociated westward-directed plasma convection (see lower

www.ann-geophys.net/24/3421/2006/ Ann. Geophys., 24, 3421-3432, 2006


http://superdarn.jhuapl.edu
http://superdarn.jhuapl.edu
http://www.dmi.dk/projects/chain/

3428 P. E. Sandholt et al.: Dayside aurorae and polar arcs under south-east IMF orientation

112000 - 112200 UT

z
03 n7
(54 min)
e

12 Dec 1993

2000 B1 kv
I 2000 mis l
0 mis

11000 - 1171200 UT 12 Dec 1933

T 000 BO kv g
@ I 2000 mis §
(54 min) ounE [
- A
omis

APL MODEL
0BT =4

APL MODEL
0BT <d

Bz-7By+ Bz-7By+
SuperDARN
JHU{APL Software by R.J. http:/fsuperdarn.ihuapledu

nnnnnnnnnnnnnnnnnnnnnnn hitp:fisuperdarn jhuapl edu

12 Dec 1999 12:40:00 - 12:42:00 UT 12 Dec 1999 12:50:00 - 12:52:00 UT
z 52KV z

. 0307 2000 % o04nT
2000m/s o sam 2000 m/s L esamin
h— . N p - N\
A : = Y 4 y . +
g - ol Ny f < : bR
s D omis ¥

APLMODEL
4<BT<6
Bz-/By+

APL MODEL
0<BT<4
Bz /By+

SuperDARN
oftw

SuperDARN
NNNNNNNNN by RuBames JHU/APL Software by

http://superdarn jhuapl.edu

Fig. 8. Plasma convection data obtained from SuperDARN radars during the intervals 11:10-11:12 UT/14:40 MLT (upper left), 11:20-
11:22 UT/14:50 MLT (upper right), 12:40-12:42 UT/16:10 MLT (lower left), and 12:50-12:52 UT/16:20 MLT (lower right). White circle
marks the approximate FOV of the ASC in Myesund.

right picture in Fig. 8). Features (ii) and (iii) correspond to lar wind-magnetosphere-ionosphere interconnection topol-
the time of appearance of polar arcs in the auroral record®gy illustrated in Fig. 10.

from Ny Alesund, Svalbard (Fig. 4). In the discussion sec-
tion these features (polar arcs/positive H-deflection at high':i
latitudes) will be related to activations of the lobe cell con-
vection shown in Fig. 2.

The high-latitude auroral brightening events seen in
g. 3 during the interval 05:00-08:00 UT (08:30-
11:30 MLT/H~77-80 MLAT) are interpreted in terms of
solar wind-magnetosphere-ionosphere coupling on the old-
open magnetic field lines marked OO in Fig. 10. The associ-
ated system of FACs is marked C1-C2. For documentation of
3 Discussion these currents we refer to Farrugia et al. (2003). The associ-

ated plasma convection channel (FC 3 in Fig. 2) is illustrated
We have reported observations of the complex configuratiorby the plasma convection data in our Fig. 8. We note that Su-
of auroral forms and activities observed during southeast oriperDARN data also exist for the interval 05:00-08:00 UT, but
entation of the IMF. The emphasis is on the system of cuspthe spatial coverage is not so good as later on this day. Con-
polar arcs in the postnoon sector. Before turning our attenvection data for 07:30 UT are shown in a recent paper where
tion to these observations we contrast them briefly with thewe discuss the PMAFs/prenoon versus PMAFs/postnoon in
prenoon observations shown in Fig. 3 in terms of the so-more detail (Sandholt and Farrugia, 2006b).
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The lower-latitude auroral brightening events ob- GREENLAND-EAST H-component meridional chain December 12, 1!
served during the interval 06:20-08:10 UT~(Q9:50- I
11:40 MLT/~73-75 MLAT) is attributed to a sequence of
plasma injections on the newly open (NO) field lines (FTES)
shown on the prenoon (left) side in Fig. 10. The sequence of
brightening events observed in the interval 08:30-10:40 UT
is attributed to newly open field lines in the postnoon sector
(markedry in Fig. 10). Each of these brightenings are
followed by PMAFs.

One important aspect of the present observations of post-
noon activity from the ground is that we are able to supple-
ment the precipitation pattern inferred from large statistical
studies of satellite data (Newell et al., 2004) by new informa-
tion on the small- and medium scale structure. The combi-
nation of ground observations of the aurora and plasma con-  ~— o e e e
vection may allow us to distinguish between phenomena be- uT
longing to the merging- and lobe convection cells.

Our main objective is to document the detailed associa+ig. 9. Greenland east chain data for the interval 09:00-14:00 UT.
tion that exists between aurora and plasma convection at higBlack and red traces show the H-component magnetic deflection
latitudes in the postnoon sector during intervals of steadyecorded at stations Nord (NRD; 8MLAT) and Danmarkshavn
IMF conditions with non-zeroB, component (clock an- ~(PMH:77° MLAT), respectively.
gle=135), and their responses to (i) the gradual southward
and (ii) sharp eastward/northward IMF transitions recorded
by Wind at 12:00-12:30 UT and 12:30 UT, respectively. The
responses to these IMF variations help us to distinguish be-
tween the merging and lobe convection cells.

From the ground perspective we are able to distinguish be- o
tween standard BPS arcs in the auroral oval in the southerr
part of the FOV and the oval-aligned polar arcs located fur-
ther north. The following features of the observations are |MF
essential. (i) The first appearance of polar arcs along the
Ny Alesund meridian under steady south-east IMF condi-
tions occurred at 11:10 UT (14:40 MLT), (ii) From this time
onwards the aurora typically configures in two latitudinally
separate branches. (iii) The auroral dynamics takes the formr
of a sequence of brightening events. (iv) Each of these bright-
ening event consists of the successive activation of forms in
the IOWer branCh fO”OWed by formS in the higher'latitude F|g 10. Schematic view of the solar Wind_magnetosphere_
branch. (v) The events in the high-latitude branch (polarionosphere interconnection topology for an IMF pointing southeast.
arcs in 15:00-17:00 MLT/75-78MLAT sector) are char-  The view is from the Sun. Merging and lobe reconnection lines (X)
acterized by the following phase motions: (a) brighteninglocated in different planes on the postnoon/dusk side and the mag-
and westward (noonward) expansion, followed by (b) fading netic tension force on newly open field lines are indicated on the
and eastward retraction (see schematic illustration in Fig. 2)dawn and dusk sides. Newly open (NO), old open (OO), and open
(vi) The sharp northward/eastward transition of the IMF at lobe (L) field lines are marked. FACS. linked to auroral forms in _
12:30 UT elicited a fading of the low-latitude branch of the 1€ Pré- and postnoon sectors are indicated for the northern hemi-

- . . phere. FACs flowing along old open field lines linked to the high-
aurora and the aF:tlvatlon Of.polar arcs at higher latitudes anﬁ?atitude boundary layer/magnetopause on the dawn (dusk) side in
th? lobe convection cell during the |r_1terval 12:30-13:05 UT. the northern (southern) hemisphere are marked C1-C2. The iono-
(vii) The system of auroral forms which we refer to as cusp 2spheric closure via the Pedersen current there is mafkedewly
— polar arcs (Fig. 2) is documented by ASC observations durreconnected and recently reconnected lobe field lines are marked
ing the interval 12:50-13:05 UT (Fig. 7). (viii)) The asso- andsy, respectively. FACs along these field lines are labelled L1 and
ciation between polar arcs and lobe cell convection is indi-L2. The track of spacecraft Polar on 3 December 1997 (see Farrugia

cated by the convection data reported in Fig. 8 and the maget al., 2003) is indicated. Insert in upper right corner shows the IMF
netograms shown in Fig. 9. direction =135") in GSM Y-Z coordiates.
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These observations will be discussed in relation to theFOV) only when the clock angle increases above°1%3
schematic illustration of the solar wind/IMF-magnetosphere-observed in the interval 12:00-12:30 UT in our case. Such
ionosphere interconnection topology shown in Fig. 10. Webehavior is in line with the idea of using the “anti-epsilon”
note that this schematic is consistent with a recent MHD sim-function as a parameter for solar wind-magnetosphere cou-
ulation study of the interconnection topology for the case ofpling at high magnetopause latitudes (Kullen et al., 2002).
nonzero IMFB, component (Park et al., 2006). In the Park “Anti-epsilon” approaches zero only for very high IMF clock
et al. (2006) study the indicated regions of magnetic recon-angles.
nection on the pre- and postnoon sides appears as regions of From the present auroral observations we may infer inter-
low magnetic field intensity where the draped magnetosheatlesting aspects of the evolution of the reconnection process on
field is antiparallel to the geomagnetic field. the magnetopause, as has been indicated in Fig. 10. In previ-

The FAC configuration shown on the dawn side is takenous studies it has been suggested that the reconnection pro-
from ground-satellite conjunction studies by Sandholt andcess appears in the form of a series of “reconnection waves”
Newell (1992) and Farrugia et al. (2003). In the figure we rolling over the magnetopause starting at the subsolar region
distinguish between newly open (NO) and old open (OO)and progressing tailward (Milan et al., 2000). In the present
magnetic field lines. A lesson from the aurora (PMAFS) is case the observation of the successive activations of auroral
that the reconnection process appears in the form of a seorms from lower to higher latitudes in the postnoon sector
quence of pulses. Furthermore, the momentum transfer alon(Fig. 4) may be interpreted in terms of the successive activa-
the old open flux tubes via the FACs marked C1-C2 in Fig. 10tion of reconnection pulses at sub-cusp latitudes and in the
gives rise to a plasma convection channel at the boundary dbbe. This type of progression of the “reconnection wave” is
the dawn-side polar cap that contributes significantly to theindicated in Fig. 10 by the labelling of field lines with time
dawn—dusk asymmetry of plasma convection in the polar capnarkersy, ¢1, andr,. While 1o marks the reconnection pulse
(marked FC 3 in Fig. 2). at sub-cusp latitudes, labelg andt, mark the evolution of

A central feature in the interpretation of the dusk side ob-field lines following a pulse of lobe reconnection. Thus,
servations is the distinction between reconnection X-lines lo-andr, represent different times that have elapsed since lobe
cated at sub-cusp and those located at latitudes of the magnesconnection. For clarity, we note that the X-line at lobe lat-
tospheric lobe, as marked in Fig. 10. The following featuresitudes in Fig. 10 lies tailward of (one dimension is missing)
are essential: (i) X-line at subcusp latitudes (in the region ofthe X-line at sub-cusp latitudes.
near-antiparallel fields, as suggested by Crooker (1979) and The FACs labelled L1-L2 in Fig. 10 is closed in the iono-
Luhmann et al. (1984)) giving rise to a sequence of auroralsphere by a Pedersen current. The associated poleward di
brightening events centered in the 13:00-14:30 MLT sectorrected E-field gives rise to a channel of sunward convec-
(see Fig. 4). (ii) X-line at higher latitudes in the lobe giv- tion (called FC 4 in Fig. 2). The L1-L2 FAC system is the
ing rise to (a) the FAC system marked L1-L2, (b) the cusp 2FACs on open lobe field lines, poleward of the R1-R2 FACs,
aurora, (c) a channel of enhanced sunward convection, anthat has been documented by FAST data in Eriksson et al.
(d) polar arcs in the 15:00-17:00 MLT sector in our case(2002). Thus, in our view, the manifestation of a pulse of
(Fig. 4). (iii) The evolution of the reconnection process at lobe reconnection in the magnetosphere-ionosphere system
the magnetopause involving sub-cusp and lobe events magroceeds as follows: (i) activation of the L1-L2 currents,
be inferred from the aurora (see below). (iv) Channel of (ii) activations of the cusp 2 aurora and convection channel
enhanced noonward (sunward) convection (marked FC 4 ir=C 4, (iii) enhanced flow shear (converging E-field) at the
Fig. 2) observed during the interval 12:30-13:05 UT and pos{oleward boundary of FC 4, (iv) brightening/westward ex-
sibly during 11:20-11:30 UT (see magnetograms and Supetpansion of polar arcs (accelerated electrons in converging E-
DARN data), giving rise to local flow shears and FACs. The field regime; (see Reiff et al., 1978; Kullen et al., 2002) in the
brightening of the polar arcs is related to this. region of the outward-directed FAC marked L2, and (v) fad-

The association between flow shear at the ionospheriéng/retraction of the same polar arcs when lobe reconnection
level and polar arcs is well documented in theory and ob-is switched off.
servations Reiff et al., 1978; Burch et al., 1979; Eriksson  Finally we note that the most equatorward FAC pair on the
et al., 2005). The phenomenon of enhanced sunward cordusk (right) side in Fig. 10 is closed in the ionosphere by
vection (our flow channel FC 4) and the associated FACs ana poleward directed Pedersen current. The upward-directed
polar arcs have been documented for northward IMF condicurrent component is closely associated with PMAFs (Lock-
tions by Eriksson et al. (2005). Here we report the similarwood et al., 1989) as observed in the interval 09:00—
phenomenon for a different IMF orientation characterized by11:00 UT in the present case (Figs. 3 and 4).
clock angles withir~100-135. The presence of polar arcs
and the lobe cell for southward IMF ang, /B.|>1 condi-
tions is in line with the MHD simulation studies of Crooker
et al. (1998). The present study indicates that the oval-
aligned polar arcs disappear (or retracts eastward, beyond our

Ann. Geophys., 24, 3421-3432, 2006 www.ann-geophys.net/24/3421/2006/



P. E. Sandholt et al.: Dayside aurorae and polar arcs under south-east IMF orientation 3431

4 Summary and conclusions gle from~160 to 100. (On the latter point, i.e., polar arc
activation in response to northward turning of the IMF, we
This paper addresses the question of spatial-temporal struaiso refer to Sandholt et al. (2002b)). The smaller convec-
ture of the dayside magnetosphere-ionosphere system umion cell within the merging cell may be identified as a lobe
der southeast IMF conditions as inferred from the auroracell or a viscous cell (see Reiff and Burch (1985)). The ob-
The aurora is a key parameter for understanding the fineserved response to IMF variability indicate that it is a lobe
structure of the inter-related system of particle precipitation,cell.
field-aligned currents, and plasma convection in the dayside cronledoaments. The Wind data are courtesy of R. P. Leppin
magnetOSphere'. The dayside mprphology under SOUtheas’:?l\_nd K. W.%gilvie. We thank B. Lybekk and E.Yrrondsen forptrt)acr?-
a.md southwest dlre(?ted IMF consists of the following €SSeNYical assistance during the auroral observation campaigns in Ny
t'_al elements (see Fig. _??): . . Alesund, and with the presentation of the optical data. Magnetome-
() PMAFs/prenoon, (i) the “midday gap aurora”, (iil) ter data from the Greenland east chain has been kindly provided
PMAFs/postnoon, (iv) polar arcs, (v) the cusp 2 aurora inpy J. Watermann (see http://www.dmi.dk/projects/chain/). The au-
the postnoon sector, and (vi) the duskside BPS arc. roral observation program on Svalbard is supported by the Norwe-
A characteristic IMFB,-related precipitation asymmetry in gian Research Council, the Norwegian Polar Research Institute and
PMAFs/prenoon versus PMAFs/postnoon has been docuAFOSR Task 2311AS. This work is supported in part by NASA
mented in a recent paper (Sandholt and Farrugia, 2006b). Living with a Star grant NAG5-12189, NASA Wind/SWE and MFI
In the present paper we focus on the morphology in thedrant NNGOSGC75G, and by NASA grant NNGO5GG25G.
12:00-17:00 MLT sector during the prevailing positie Topical I_Ed|t0r I_. A. Daglls_ than!(s L. Blomberg and another ref-
conditions on 12 December 1999. Both spatial and temporafJree for their help in evaluating this paper.
structures were observed. The spatial structure consists of
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