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Abstract. We document the activation of transient polar arcs ditions, respectively (Sandholt et al., 1998a; Sandholt and
emanating from the cusp within a 15 min long intermediate Farrugia, 1999). Of particular interest here is the dynamic
phase during the transition from a standard two-cell convec+transition state of the cusp ionosphere excited by rapid north-
tion pattern, representative of a strongly southward interplanward turnings of the IMF (Qieroset et al., 1997; Sandholt
etary magnetic field (IMF), to a “reverse” two-cell pattern, etal., 1998b; Lockwood and Moen, 1999; Milan et al., 2000).
representative of strongly northward IMF conditions. During The different phases of the dynamics of the cusp aurora dur-
the 2—3 min lifetime of the arc, its base in the cusp, appearingng a 40 min interval of strongly northward IMF, after a rapid
as a bright spot, moved eastward toward noon4300 km. northward turning, have been described in two recent studies
As the arc moved, it left in its “wake” enhanced cusp precip- (Sandholt et al., 1999, 2000). The interval was characterized
itation. The polar arc is a tracer of the activation of a lobe by a sequence of intensifications and poleward expansions of
convection cell with clockwise vorticity, intruding into the the cusp poleward boundary, accompanied by activations of
previously established large-scale distorted two-cell patternreverse (equatorward) convection.

due to an episode of localized lobe reconnection. The lobe

cell gives rise to strong flow shear (converging electric field)  Here we document an important additional, smaller-scale

and an associated sheet of outflowing field-aligned Cu”emaspect of the dynamics of the cusp-polar cap boundary taking

which is manifested by the polar arc. The enhanced cusp préjjace in the early phase following the northward turning of
Cipitation represents, in our view, the ionospheric footprint of e |MF. A careful inspection of the green line aurora reveals

the lobe reconnection process. that the cusp intensifications described above are accompa-
Key words. Magnetospheric physics (auroral phenomena;hied by short-lived {2-3 min) polar arcs emanating from
magnetopause, cusp, and boundary layers; plasma convebright spots forming at the cusp poleward boundary. The
tion) event we study shows the activation of a green line polar arc
that moved across the local magnetic meridian (1100 MLT)
from west to east during its2—3 min duration in the phase

of transition from standard merging celB{ <« 0) to re-
verse two-cell B, > 0) convection. The close association of

the optical phenomenon (polar arcs emanating from the cusp

Ground observations of the optical aurora and ionosphericb - ) . ;
. - : - and, containing strong green line and weaker red line emis-
ion drift in the cusp region have the distinct advantages of .

continuity of coverage and sufficient temporal-spatial sen-SIOnS) and bursts of equatorward convection, as observed
o y . g >mp P in the same area of space by ground-based radar, led us to
sitivity to monitor signatures of solar wind/magnetosphere/

; ; ; . ; conclude that the arc results from magnetosphere-ionosphere
ionosphere interaction mechanisms. Such observations have g P P

) ) ) . ... coupling (sheets of field-aligned current) activated by bursts
provided important information on the temporal variability : : o
: . f lobe reconnection. The auroral/convection event was ini-
of the magnetopause magnetic reconnection processes tak- : ) ;
. : lated approximately 5 min after the northward IMF arrived
ing place poleward and equatorward of the cusp during north-

. o at the subsolar magnetopause. This estimate is based on the
ward and southward interplanetary magnetic field (IMF) CON-. Jantification of the ground magnetic impulse event (MIE)

Correspondence td?. E. Sandholt relating to the solar wind dynamic pressure pulse which ac-
(p.e.sandholt@fys.uio.no) companied the IMF transition from south to north.

1 Introduction
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Fig. 1. Wind plasma and magnetic field observations from the Mag- e me (UT) =
netic Field Investigation and Solar Wind Experiment instruments. 000 062 125 188 250 312 375 438 500
From top to bottom are shown the proton density, temperature, bulk intensity (kR)

speed, dynamic pressure, the total field, its GEM, andz com-

ponents, and the IMF clock angle. The IMF northward turning cen-Fig. 2. Color-coded meridian scanning photometer (MSP) obser-

tered at 0735 UT is marked by vertical dash-dot line. vations of line of sight auroral intensities @) 630.0 nm andb)
557.7 nm as a function of zenith angle. North is up. The obser-
vations were recorded from Ny Alesund €7BILAT) during the

2 Observations interval 0720-0800 UT on 16 December 1998.

Figure 1 shows IMF observations obtained from the space-
craft Wind for the interval 0600-0900 UT on 16 Decem- tially displaced well south of Ny Alesund, consistent with
ber 1998. During this time, the spacecraft was in the solathe strongly southward IMF orientation befored725 UT.
wind on the dawnside of the magnetosphere at(88, 19)  Strong auroral intensifications occurred at 0731-32 and 0735
Rr (GSE coordinates). We note the transition from strongly UT, before a stepwise poleward expansion and weakening
southward to strongly northward IMF orientation recorded of the cusp aurora took place during 0740-0800 UT. These
by Wind during the interval 0730-0738 UT. This northward are all effects attributed to the northward turning of the IMF,
turning, marked by a vertical dash-dot line in the figure, wasfirst affecting the cusp aurora &0730 UT (Sandholt et al.,
followed by a 35 min interval of strongly northward IMF, 2000).
when the IMF clock angle, i.e. the polar angle in the GSM In this study, we shall concentrate on the brightest auro-
YZplane, was< 15°. In this period,B, was positive, and, ral event which followed the northward turning of the IMF,
slightly negative. observed along the MSP meridian during the interval 0735—
Figure 2 shows meridian scanning photometer (MSP) ob-0740 UT. The green line panel of Fig. 2 shows a short-lived
servations at (a) 630.0 nm and (b) 557.7 nm, from Ny Ale- excursion toward the zenith, emanating from the cusp pole-
sund, Svalbard (P6MLAT), during the interval 0720—-0800 ward boundary, at 0735-36 UT. As we shall see below, this is
UT on 16 December 1998. We note that the aurora was ini-a transient polar arc emanating from the cusp region, which
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Fig. 3. All-sky auroral images at 557.7 nm taken at Ny Alesund at the times 0733:45, 0734:15, 0743:46, 0735:15, 0735:45, and 0736:15 UT.
The reference system is zenith angle (dashed circles representingd30and 90) and azimuth angle. The magnetic meridian through Ny
Alesund is marked by dashed line (MN).

crossed the MSP meridian during its eastward motion in themagnetic latitude/magnetic local time (MLAT/MLT) coordi-
1000-1100 MLT sector. nates, with the cusp poleward boundary (solid curved line),

Figure 3 shows a sequence of six all-sky images at 557.£he bright spot (circle) and the polar arc at 0734 and 0736 UT,
nm for the interval 0733-0736 UT, covering the initial phase IS Shown in Fig. 4. The fields of view of the optical instru-
of the second auroral brightening event shown in Fig. 2. Thements and beam 9 of the CUTLASS Finland radar are also
initial brightening appears as a bright spot located slightlymarked in the figure.
west of the MSP meridian in the second (0734:15 UT) im-  Figure 5 shows line-of-sight ion drift velocities obtained

age. A careful inspection reveals a faint polar arc emanatingyy peam 9 of the CUTLASS Finland HF radar during the
from the bright spot. The next four images, representing thgnteryal 0720-0750 UT. The radar was operating in a non-
interval 0734:45-0736:15 UT, show the eastward motion ofstandard mode during the interval, hence, the variable time

both the bright spot and the polar arc. The bright spot crossedaso|ution of the data (for a full description of the mode, see
the MSP meridian at 0734:45 UT. The arc manifests itself asthorolfsson et al., 2000). The field of view of beam 9 is in-
a transient form extending poleward (towards zenith) fromgicated in Fig. 4. Onsets of auroral brightening events are
the intensified cusp emission, which can also be seen in thgyarked by vertical lines. An arrow marks the second vertical
lower panel of Fig. 2. The polar arc lasted for approximately jine in the figure, representing 0735 UT, which is the time
2 min (0734-0736 UT). The arc intensity is observed to de-yhen the polar arc has just crossed the MSP scanning merid-
crease with distance away from the bright spot at the cuspan during its eastward motion in the 2000—1100 MLT sector.
poleward boundary. The transient arc marks the initial phaset this time (0735-0736 UT), a transition from northward
of the event of enhanced cusp emission, which lasted untitua\,\,ay flow"; red) to equatorward (“toward flow"; green) is
0940 UT. observed within 76-75> MLAT, in beam 9. This state lasted

A schematic summary of the observation geometry inuntil 0738 UT, when a return to northward occurred. A new
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from a bright spot (marked by small circle) in the vicinity of the - -20u

cusp poleward boundary for 0734 and 0736 UT. Fields of view of
the optical instruments (MSP and all-sky camera for both 630.0 anc
557.7 nm emissions) at Ny Alesund and beam 9 of the CUTLASS

Finland HF radar have been marked. -600

-800

event of strong equatorward flow occurred at 0742-43 UT.

Here we focus on the 0735-0738 UT event. _ ; _
A spatial plot of the line-of-sight ion drift pattern in the ST i -

area around Svalbard at 0736 UT is shown in the lower panel _ S ) N _

of Fig. 5. lon drit vectors have been superposed using 0, & Uoper banel Lne oLsgn o 0 veoctes oianed

beam-swinging algorithm given by Villain et al. (1987) and " )

Ruohoniemi et al. (1989). The spatial plot of line-of-sight 0720-0750 UT. Velocities are color-coded according to the scale

lociti high lution in Ei to the right. Blue/dark green is toward (equatorward) and red is
velocities are reproduced at higher resolution in Fig. 6. Ve'away (antisunward) from the radar. Onsets of auroral brightening

locities are color-coded according to the scale to the right.anq/or poleward expansion events are marked by vertical lines. Ar-

Blue is toward (equatorward_) and red ?5 away (antisunward)row marks the onset of the event studied in this paper. Lower panel:
from the radar. A schematic convection pattern consistentpatial plot of line-of-sight ion velocities within the total field of

with the observed line-of-sight velocities is indicated. It con- view of the CUTLASS radar for 0736 UT plotted in an MLT/MLAT

sists of the remnant merging (M) cell convection in the north reference system. lon drift vectors obtained by a beam-swinging

and the transient lobe (L) cell intruding during the auroral technique are superposed.

brightening event. The latter is marked by the hatched area.

A region of expected upward field aligned current associated

with a flow reversal is indicated by small dotted circles. The rival of the northward IMF orientation at the subsolar magne-

radar observations are consistent with relatively strong easttopause. The interval of the transient auroral arc at the cusp

ward flow poleward of the cusp, in the northeastern part ofpoleward boundary is marked by vertical dash-dot lines at

the backscatter region. The flow in the vicinity of the cusp 0733 and 0736 UT. From this information, we may infer that

aurora is westward, with a significant equatorward compo-this auroral event was initiated approximately 5 min after the

nent in the 1000—1100 MLT sector. arrival of the northward IMF orientation at the subsolar mag-
Figure 7 showsX component magnetograms from IM- hetopause. The positiv¥ component deflection observed

AGE chain stations on Svalbard (NAL-BJN) and at Tromsg at stations HOP-BJN (712:372.9 CGMLAT), centered at

(TRO) for the interval 0720-0750 UT. A magnetic impulse 0735 UT, is consistent with the westward convection in the

event (MIE) at~0727 UT is marked by a vertical dashed region of the enhanced cusp precipitation, indicated in Fig. 6,

line. This event reflects the solar wind dynamic pressurebased on the radar observations.

pulse associated with the IMF discontinuity/northward turn-

ing recorded by Wind at 0735 UT (see Fig. 1). It is most

clearly seen at the lower-latitude stations, particularly at TRO3 Discussion

(Tromsg). The associated auroral signature at 0727 UT is

seen in Fig. 2b. The relationship between the magnetic/conThe phenomenon we focus on is the activation of a transient

vection and auroral signatures of MIEs has been documentegolar arc emanating from a bright spot at the cusp poleward

by Luhr et al. (1996). boundary, which occurred in the transition phase when the
The MIE at 0727 UT marks the approximate time of ar- IMF rotated from strongly south to north. The IMF vector
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Fig. 6. Spatial plot of line-of-sight ion velocities within the total
field of view of the CUTLASS radar for 0736 UT plotted in an
MLT/MLAT reference system. The POand 80 MLAT circles, as
well as the MLT meridians from within 0700-1200, are marked. A
convection pattern with merging (M) and lobe (L) cells is indicated
by arrowed curves. Hatched area marks the cusp auroral brighter
ing. Small dotted circles mark the location of upward field aligned

current/transient polar arc (see also Fig. 8). of ‘ ‘ . ]
7:20 7:30 7:40 7:50

rotated from(—5, —7, —5) to_ 6, -2, 7)_'n less than 10 min. Fig. 7. X component magnetograms from IMAGE chain stations
The gross features of the ionospheric response to this IMRy,'syaibard and at Tromss (TRO) for the interval 0720-0750 UT.
transition, which may be divided in three phases, are indi-The station coordinates are: NAL (76.CGMLAT), LYR (75.1°
cated in Fig. 5 of Sandholt et al. (2000). The aurora andCcGMLAT), HOR (74.0 CGMLAT), HOP (72.9 CGMLAT), BIN
flow pattern prior to the northward turn of the IMF is that of (71.3 CGMLAT), TRO (66.5 CGMLAT). Magnetic impulse event
a distorted two-cell pattern with a significant eastward com-at 0727 UT is marked by vertical dashed line, while the auroral
ponent in the cusp region, consistent with the negative IMFarc/convection event we focus on is marked by vertical dash-dot
B, component. The aurora typically shows a sharp equatorlines at 0733 and 0736 UT.
ward boundary from which transient poleward moving auro-
ral forms (PMAFs) are emanating (Thorolfsson et al., 2000).
This is the aurora we, in previous work, refer to as the typereminiscent of the previous interval of strongly southward
1 cusp region aurora (Sandholt et al., 1998a; Sandholt andMF. Thus, phase 2 consists of a mixture of ionospheric sig-
Farrugia, 1999). natures attributed to reconnection processes taking place both
Phase 1 (0727-0730 UT) is the first ionospheric signaturé?oleward and equatorward of the cusp. Phase 3, which occu-
which can be associated with the northward turning. This is aPies the next 25 min (0745-0810 UT), is entirely regulated
magnetic impu|se event (N”E) observed within a wide rangeby the Strongly northward IMF orientation. It is character-
of latitudes equatorwards from the cusp (Fig. 7). This im-ized by a sequence of poleward expansions and latitudinal
pu|se event is accompanied by a moderate auroral brighterproadenings of the cusp emission band and events of reverse
ing. The eventis possibly triggered by the rapid enhancemengonvection (Figs. 2 and 5). In this case, the cusp aurora,
of solar wind density (dynamic pressure) which accompa-Which we call type 2, is characterized by a sharp poleward
nied the actual IMF directional discontinuity. Phase 2 (0730-boundary.
0745 UT) represents the first 15 min after the initial response The connection between the cusp dynamics and the excita-
and is the one we concentrate on. It consists of two discretdion of the transient polar arc in phase 2, is indicated schemat-
episodes of auroral intensification, each of which is accom-ically in Fig. 8. It adds an important element to the previ-
panied by short-lived~3 min), localized events of equator- ously reported observations, having important implications
ward convection. These events are both followed by the reon the magnetosphere-ionosphere coupling during the phase
forming of the standard distorted two-cell pattern, which is of transition from low-latitude to high-latitude reconnection.
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