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Abstract. We investigate the association between temporal-Keywords. lonosphere (Plasma convection) — Magneto-
spatial structure of polar cap convection and auroral electrospheric physics (Auroral phenomena; Polar cap phenomena)
jet intensifications during a 5-h-long interval of strong forc-
ing of the magnetosphere by an ICME/Magnetic cloud on 20
March 2001. We use data from coordinated ground-satellite

observations in the 15:00-20:00 MLT sector. We take ad-1 Introduction

vantage of the good latitudinal coverage in the polar cap and

in the auroral zone of the IMAGE chain of ground magne- In this study we extend previous investigations of polar cap
tometers in Svalbard — Scandinavia — Russia and the stableonvection and specific polar cap (PC) flow channels appear-
magnetic field conditions in ICMEs. The electrojet eventsing during intervals of strong and stable forcing of the mag-
are characterized by a sequence of 10 min-long AL excurnetosphere associated with Earth passage of interplanetary
sions to—1000/~1500 nT followed by poleward expansions CMEs Burlaga et al.1981). A PC flow channel is defined
and auroral streamers. These events are superimposed orag a latitudinally restricted (few 100 km) regime of enhanced
high disturbance level when the AL index remains around(>1kms1) antisunward convection. Here we shall focus
—500nT for several hours. These signatures are differenbn the condition of strongly south directed magnetic field
from those appearing in classical substorms, most notablyB, = —15nT; By = 0) in the ICME of 20 March 2001 dur-
the absence of a complete recovery phase when AL usualljhg a 5-h-long interval when the ICME magnetic field rotated
reaches above-100nT. We concentrate on polar cap con- slowly from a south-westerlyR; < 0; By < 0) to a south-
vection in both hemispheres (DMSP F13 data) in relationeasterly orientation&; < 0; By > 0). This extension con-

to the ICME By conditions, electrojet intensifications, and sists of a data-based investigation of the temporal behaviour
the global UV auroral configuration obtained from the IM- of the cross-polar cap potential (CPCP) as the dayside and
AGE spacecraft. The temporal evolution of convection prop-nightside sources of the plasma convection in the ionosphere
erties such as the cross-polar cap potential (CPCP) drop angary.

flow channels at the dawn/dusk polar cap (PC) boundaries Figure 1 shows a schematic illustration of a combined
around the time of the electrojet events are investigated. Thigjgh-|atitude (HBL) — low-latitude boundary layer (LLBL)
approach allows us to distinguish between dayside (magne- taj| plasma sheet model of the multi-stage evolution of
topause reconnection) and nightside (magnetotail reconnegungey cell plasma convection, emphasizing the dayside and
tion) sources of the PC convection events within the con-pightside sources of plasma flows in the polar cap ionosphere
text of the expanding-contracting model of high-latitude con- gong the periphery of the polar cap. Basic components of
vection in the Dungey cycle. Inter-hemispheric symme-the model are (i) symmetrid%, = 0) ionospheric convection
tries/asymmetries in the presence of newly-discovered congells/channels, (i) westward electrojet (WEJ) currents with
vection channels at the dawn or dusk side PC boundaries argj) the associated poleward boundary intensifications (PBIs)
determined. in the aurora at the nightside polar cap boundary, (iv) field-
aligned currents (R1, R2 and polar cap FACs), (v) magneto-
spheric currents (cross-tail curreit¢t and partial ring cur-

Correspondence to. L. Andalsvik rent Jpra), (Vi) bursty bulk flows (BBFs) in the tail plasma
BY

(y.l.andalsvik@fys.uio.no) sheet, (vii) currents flowing in the HBL (solar wind dynamo
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Sandholt et al(2010. Our aim here is to study the possible
contribution of these flows to the CPCP fluctuations as mea-
sured by satellites in polar orbit or by ground-based radars.
At the same time we aim at distinguishing between the day-
side and nightside sources of CPCP fluctuations.

Figurel marks four consecutive stages in the evolution of
the Dungey (1961) convection cycle. Stages 1 and 2, rep-
resenting the first 20-25 min in the cycle, are accompanied
by flow channels FC 1 (red) and FC 2 (blue), respectively.
As noted, FC 2 is associated with the ionospheric Pedersen
current closure of the dayside current system consisting of
the following elements: R1 FAC — LLBL current — magne-
topause current — polar cap FAC. The ionospheric Pedersen
current closure gives rise to the FC 2 flow channels located
near the polar cap boundary in the prenoon and/or postnoon
sectors $andholt and Farrugi2009. As illustrated by the
present case, flow channel FC 2 is strong on the dawn side in
the Northern Hemisphere during IM#; > 0 conditions (see
also Sandholt and Farrugi@2009. For By < 0 the reverse
is the case. Concerning the IMF clock angle dependence
of FACs illustrated in Figl we refer toPapitashvili et al.
(2002.

In Fig. 1, stage 3 of the Dungey cycle is represented by
flow channel FC 3 (green) located in the pre- and post-
midnight sectors (se#/ang et al. 2010. As we shall argue
below, channel FC 3 may be driven by processes in the tail
lobe and/or tail plasma sheet. In this connection we note that
the E-field at the tail lobe-plasma sheet interfader() is
Fig. 1. Sketch of central features of multi - stage plasma convection@n important parameter for initiating plasma sheet thinning
and associated FACs of the magnetosphere-ionosphere system wieihd subsequent magnetotail reconnectidin gnd Winske
emphasis on the periphery of the polar cap (see text for details)2002 and references therein). Effects of the conductivity
Flow channels/stages FC 1, FC 2, and FC 3, and the westward eleggradient on the polar cap boundary flow channels are em-
trojet current are marked by red, blue, green, and yellow arrowsphasized bySandholt and Farrugi€2009 and Wang et al.
respectively. (2010.

Stage 4 is in the dusk cell marked by southeastward con-

vection on the equatorward side of the polar cap boundary in

region) and (viii) in the LLBL on the flanks of the magneto- the Harang discontinuity region. This phenomenon we shall
sphere. refer to as the streamer channel. This stage is also charac-

In line with previous studies we include the temporal evo- terized by poleward boundary intensifications (PBIs) in the
lution and thus we distinguish between flow channels ap-aurora, which are activated by dynamic plasma sheet pro-
pearing in conjunction with newly open magnetic field lines cesses such as magnetotail reconnection — cross-tail current
(LLBL/cusp-type precipitation and poleward-moving auroral disruptions (indicated by the dashed line across the mid-tail)
forms) and magnetic field lines in a later stage of evolution— magnetic field dipolarizations — bursty bulk flows (BBFs)
(old open field lines) with “feet” in polar rain precipitation (Birn et al, 2011). Dipolarizations/BBFs may give rise to in-
(marked NOFLs and OOFLs, respectively). We refer to thetervals of locally enhanced dawn-dusk directed electric fields
ionospheric flow channels, which arise from the closure of(Ey = Vi B;) of ~2-5mV n1 1 in the few Rg wide sector of
the associated field-aligned currents via ionospheric Pedefthe BBFs. The dawn-dusk electric field is enhanced inside
sen currents, as FC 1 and FC 2, respectively. the plasma bubble due to electric polarizatiSergeev et al.

Related to this we note th&outhwood(1987 predicted 1996 Kauristie et al. 2000. The plasma bubbles are flux
channels of pulsed flows on the flanks of the polar cap adubes with depleted density and plasma pressure and con-
a result of flux transfer events (FTEs) and concluded thataining a double vortex flow pattern (see efnen and Wolf
“only near the periphery of the polar cap would the time- 1993 andKauristie et al.2000. The convection and FACs
dependence be very evident.” Such channels of pulsed antare indicated in Fig. 1. The FACs close in the ionosphere
sunward flows on old open field lines (polar rain precipita- through an azimuthal current (yellow) of Type | in Bostrom’s
tion) were documented byandholt and Farrugi@009 and categorization Bostiom, 1964). This ionospheric current
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Fig. 2. Solar wind plasma and IMF observations from the spacecraft WIND for 20 March 2001. The panels show, from top to bottom, proton
density, proton temperature, bulk speed, solar wind dynamic pressure, the magnetic field strength and GSM corBppBgmaisd Bz) of

the interplanetary magnetic field, the proton beta and (in red) theeAlach number, the IMF clock anglé)(and the polar cap potential
calculated by the Boyle formula. Transition between thBgestates(By < 0, By ~ 0, By > 0) are marked by vertical lines.

closure gives rise to flow channel FC 4. The upward directedauroral streamer system due to the associated Hall currents
FAC component is accompanied by the phenomenon of aurotseeSandholt et a).2002).

ral streamersSergeev et al2004). In the case we study we

shall document the ground magnetic signature of the FC 4 — In the expansion-contraction model of polar cap convec-
tion (Siscoe and Huand 985 Cowley and Lockwood1992

www.ann-geophys.net/29/2189/2011/ Ann. Geophys., 29, 21892011
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WIND/ACE |RED] March 19-21, 2001 (GSM)
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Fig. 3. WIND-ACE data overlay with ACE data shifted one hour.

it is suggested that the CPCP as measured along the 06:0Gxghtside type, and (iii) the more or less balanced day-night

18:00 MLT meridian (by, say, low-altitude spacecraftin polar type Cowley and Lockwood1992 Provan et a].2004).

orbit) consists of a superposition of contributions from the

dayside (MP reconnection: flux opening rate) and the night- With the aim of distinguishing between the dayside and

side (magnetotail reconnection: lobe flux closure raidi} ( hightside sources of polar cap convection as manifested in

lan et al, 2007, andBoudouridis et al.2011). This givesrise ~CPCP and flow channels FC 2 and FC 3 we shall investi-

to three fundamental types of plasma convection patternsgate the association between the temporal evolution of the

namely, (i) the unbalanced dayside type, (i) the unbalanced=PCP, obtained from DMSP F13 ion drift data along the
dawn-dusk meridian, and the WEJ/streamers as monitored
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, , IMAGE k 2001-03-2
by the AL-index and local magnetograms in the dusk sector magnetometer network 2001-03-20

obtained from the IMAGE chain of magnetometer stations rrrT
in Svalbard — Scandinavia — Russia. These data are further-
more supplemented with global convection plots obtained by
the SuperDARN network of ground radafsréenwald et a).
1995.

We will here focus on the event on 20 March 2001, but sev-
eral similar events have been found (see Table 1). The inter-
val selected for this study forms part of an ICME which has &
been also classified as a magnetic cloud (M&)r(aga et al.
1981 Lepping et al. 2003. The By and B, components of
the cloud field lie in the ranges-[L0, 15] and 15, —5] nT,
respectively. Initially, theBy component of the ICME is neg-
ative and increases slowly towards zero. Then an impulsive
rise to positiveBy values occurs and it remains positive after
that.

1 minute averages

HOR

***** T BIN

SOR

MAS

SOD

2 Data description

X-COMPONENT

ouJ
2.1 Interplanetary data

Figure 2 shows WIND data for 20 March 2001. From top
to bottom the panels show the proton density, temperature,
bulk speed, dynamic pressure, total magnetic field and the x-,
y- and z-components in GSM coordinates, the prgiaand

Alfv én Mach number (in red), the clock angle and finally the
cross polar cap potential (CPCP) calculated from the Boyle
formula Boyle et al, 1997). During this time Wind was ex-

HAN

Hour (UT)

Fig. 4. IMAGE chain magnetometer data for the interval 13:00—

ecutlngda distant pro%r‘."‘de orblt,dv_vhere its Y-coordinate N*17:00 UT. Event (WEJ) onsets, poleward expansions, and streamers
creased t6-220Rg and its X-coordinate was0. However, are marked by vertical dashed lines, arrowed lines, and blue tilted

comparison with ACE near the L1 point shows exactly the jines, respectively.
same features (see Fig), consistent with the long coher-
ence lengths of plasma and field parameters in ICMEs com-
pared to those in the normal solar wirkéb¢rugia et al.2003 ~ marked by blue tilted lines in the figure. The gradual onset of
2009. We shall henceforth use Wind data because of the betthe 14:40 UT WEJ event indicates a westward expansion of
ter data coverage and higher resolution. The delay WIND-this intensification from a source region to the east of our sta-
ground is estimated to be10 min. tions. This interpretation is supported by the global UV au-
Our main focus here will be on the interval 12:00- rora, as detailed below. Because of the satellite-ground con-
17:00UT. This ICME interval shows three consecutive junction at 14:40 UT we shall focus on this event. The event
stages characterized By <0, By ~ 0, andBy > 0nT, re-  onset at station MAS (66°MLAT) is followed by a clear
spectively.B; is negative throughout. poleward expansion, as marked by the successive appearance
of negative X-component deflections at the higher-latitude
2.2 Electrojet deflections: ground magnetometer data stations SOR (67°VILAT) — BJN (71.1° MLAT) — HOR
(74.° MLAT). The Sym-H, AU and AL indices (Fig5h)
show strong storm and substorm activities. Central to our
concerns are the three major AL-deflections occurring in the
interval 14:00-15:20 UT. The large negative deflection in the

s AL index (Tomita et al, 2011) at 14:40 UT coincides with
(67.3 MLAT), MAS (66.2° MLAT), SOD (63.9 MLAT), the DMSP pass in the Northern Hemisphere (NH) shown in

ouJ (61’0 ML.AT)’ _and HAN (58.7 MLAT)..LocaI maXi”.‘a Fig. 6 and with the electrojet deflection signatures in the IM-
of WEJ intensifications are marked by vertical dashed lines al\E data

14:40, 15:28, and 15:58 UT. Each event onset is followed by
poleward expansion and equatorward-moving current struc-
tures that are often referred to as streamers (the auroral sig-
nature). Different streamers following the three onsets are

Figure 4 shows the X-component of the geomagnetic
field from IMAGE magnetograms for the interval 13:00—
17:00UT. The listed stations and their geomagnetic lati-
tudes are HOR (74°IMLAT), BJIN (71.4 MLAT), SOR

www.ann-geophys.net/29/2189/2011/ Ann. Geophys., 29, 21892011



2194 Y. L. Andalsvik et al.: Dayside and nightside sources of PC convection

Table 1. Interplanetary and Dst conditions for four intervals of ICME passage at Earth.

Date Bt By By 0 1% n Dst ExL Pdyn

(nT) (nT) (nT) (kms1) (@Em3) (T) (mMvml) (nPa)
20 Mar 2001 19 -20 0 ~180° 400 7 —149 7.6 1.1-2.1
18 Aug 2003 175 —14 -10 ~15@ 450 2 —148 7.4 1-3
20 Nov 2003  40-60 —20—(-50) 40-0 96-18C° 600-650 8-30 —420 26.7 4-30
30 May 2005 16 -15 —5-(-10) 140-16C 450 10 6.3 5-8
Geomagnetic Indices SYM-H AU AL MARCH 20, 2001 2.4 Cross polar cap ion drift: DMSP and SuperDARN

E 10 L L L B | L | L L L
data

-120—
_140% Figure 8 shows cross-track flows during five consecutive
L DMSP F13 dawn-dusk passes in the Southern Hemisphere,
-160 - around the time of theBy polarity reversal (Fig. 1). En-
80l hanced convection in PC flow channels are marked by blue
T arrows. We note that these five passes occurred during differ-
RV ent stages of magnetic field orientation in the ICME (Fig. 2):
(i) By <0 during the first two passes, (iBy =0 during the

§ 'SOOWW i third and fourth pass, and (iilpy > 0 during the fifth pass.
5 1000~ m 7] Correspondingly, the PC flows shift from pre-noon to post-

100 ] noon. So, this figure illustrates the following IMB; de-
200000 0 0 0 b b B e M PR B e B ey

10 11 12 13 14 15 16 17 18 19
uT

SYM-H (nT)

pendence pattern of polar cap flow channels in the South-

ern Hemisphere in this case: (i) flow channel is most promi-

nent on the dawn side in stage 1 (06:00-11:00 BfJ< 0),

Fig. 5. Sym-H, AU and AL index data. Times of 3 F13 polar cap (ii) is present on both sides in stage 2 (11:00-14:00 UT;

passes are marked by vertical guidelines. By =O), and (III) is most prominent on the dusk side in
stage 3 (14:00 UT onwards®y > 0). For the third and fourth
passes the dusk side flow channel ocurred at the same time

2.3 lonospheric flows and particle precipitation: DMSP  as substorm activity is seen in the AL index (see Bigat

data 12:20 and 14:02 UT.

) ) Figures9 and 10 show the electrostatic potential (in kV)
Figure6 shows DMSP F13 data during a NH dusk-dawn passyjong the DMSP F13 tracks for two selected passes, one in
in the interval 14:30-15:00 UT. From the electron precipita- heo south, centered at 13:54 UT (F&).and one in the north,
tion data in the top panel and the cross-track flow veloci-centered at 14:44 UT (Figl0). The cross-polar cap poten-
ties in panel 4 (violet) we may distinguish between a south-ja| (CPCP) differences are naturally quite high in the south
ern auroral branch centered a®LAT (accompanied by (158 kv) and in the north (174 kV) in view of the very active
fast sunward convection) and a northern branch (antisunwar@dqnditions (the ICME magnetic field). The high CPCP value
convection) in the 66-72 MLAT regime (17:00MLT). The oy the 14:45 UT NH pass is a remarkable feature in this data
drift velocity of the antisunward convection in the polar cap jnterval. The 14:45 UT pass is the only one in the north for
(PC) increases from 0.5-1.0km'sfrom the dusk to the  \hich the CPCP is higher than the Southern Hemisphere val-
dawn-side PC boundary, creating a dawn-dusk asymmetry ofiqg.
the central PC convection as ex_pected for the prevailing IMF The CPCP values derived for all passes (SH and NH) in the
By > 0 conditions (after approximately 14:00UT). A chan- jyiena 09:00-17:30 UT are plotted Figl. A clear trend
nel of enhanc§d>(_1 kms1) antisunward flow is identified is for the SH values (red) to be higher than the NH (blue)
on the dawn side, in the MLAT range 70-°75 _ values. The 14:45UT pass in the north highlights a clear
~ A SH pass during the interval 13:39-14:09 UT is shown g, cention to this general trend. At this time the NH value of
in Fig. 7. This time flow channels are present on both thethe CPCP (174kV) is 30—40KkV higher than for the closest
dawn and dusk sides of the polar cap with peak velocitiesyy passes.
exceeding 2km's", Figure 12 shows the tracks of the 13:55UT (SH; bottom
panel) and 14:45UT (NH; top) F13 passes in MLAT vs.
MLT coordinates. The contributions to the CPCP from the
flow channels in these cases are indicated in the figure. The

Ann. Geophys., 29, 2182201, 2011 www.ann-geophys.net/29/2189/2011/
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DMSP F13 — 20—Mar—2001 {Day 079)
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Fig. 6. DMSP F13 data from a dusk-dawn pass 14:30-15:00 UT. Panels from top to bottom show (i) spectrogram of electron and (ii) proton
energy fluxes, (iii) ion densities, (iv) cross-track ion drifts (violet), and (v) magnetic deflection comp@geBtsandB;. Vertical guidelines

mark (i) the most equatorward arc (MEA) at 60 deg. MLAT, (ii) the high-latitude auroral branch within 66—72 deg. MLAT, (iii) the polar cap,
and (iv) flow channel¥1 km s~ antisunward convection) within 70-75 MLAT on the dawn side.

Northern Hemisphere channel traversed at 14:50 UT repreet al, 2004). We shall return to this topic in the Discussion
sented a potential of 50kV while the two SH channels atsection.
13:50/14:00 UT contributed 25-30kV each. The centers of
westward (WEJ) and eastward (EEJ) electrojet currents ire.5 Global UV aurora: IMAGE data
dusk sector of the Northern Hemisphere at the time of the
satellite pass (near 14:40 UT) as derived from magnetogramglere we shall document the central morphological features
recorded at the indicated local stations (Fy.have been of the global UV aurora configuration obtained from space-
marked. craft IMAGE (Mende et al.2000: the presence of double
A SuperDARN convection plot (in MLT-MLAT coordi- branch oval auroraH|phinstone et a].1999 in the 17:00—
nates) from the dayside part of the polar cap in Southerr?1:00 MLT sector with auroral streamers extending from the
Hemisphere at 13:50-13:52 UT is displayed in Hi§. Con- northern branch (characterized by poleward boundary in-
cerning the radar technique we refer Greenwald et al. tensifications; PBIs) to the southern branch. This auro-
(1995 andRuohoniemi and Bakg 999 (see alsaChisham  ral configuration is consistent with the local ground magne-
et al, 2007. Two features in the region of good coverage tograms indicating streamer activity in the Scandinavian sec-
above 70 deg MLAT in the prenoon to dusk sector standtor (Fig.4). The previously documented association between
out: (i) a clockwise flow vortex in the post-noon-dusk sec- auroral streamers and magnetotail bursty bulk flows (BBFs)
tor of the polar cap and (ii) relatively homogeneous antisun-(seeSergeev et al2004 furthermore confirms that BBFs are
ward convection in the central polar cap. These flow fea-present in the magnetotail in this interval of ICME passage.
tures, including flow channel FC 2 (yellow arrows in 14:00— We have indicated this in the magnetospheric sketch (fig.
16:00 MLT/70 MLAT sector), are very relevant to our study.  Six selected UV images illustrating central morphological
This plot, representing the time before the major substornfeatures of the global UV auroral configuration at six repre-
activity started, resembles a flow pattern one expects for insentative times during the interval of interest are shown in
tervals of unbalanced dayside reconnection (seeReayan  Fig. 14: (i) 13:00UT: expanded polar cap, (i) 13:59 UT:

www.ann-geophys.net/29/2189/2011/ Ann. Geophys., 29, 21892011
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DMSP F13 — 20—Mar—2001 (Day 079)
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Fig. 7. DMSP F13 data from a dawn-dusk pass in the SH during the interval 13:39-14:09 UT. Same format a8.iWéfigcal guidelines
mark flow channels%1 km s~ antisunward convection) on the dawn and dusk sides of the polar cap.

poleward expansion of nighside aurora when the enhancedere inferred from DMSP F13 data. This information is
electrojet activity started, (iii) 14:40UT: streamer event combined with selected SuperDARN convection plots and
(north-south oriented aurora) at dusk at the time of lo-ground magnetograms from the Scandinavian sector located
cal electrojet intensification and DMSP F13 satellite pass,at dusk. The latter data in combination with the AL-index are
(iv) 14:58-15:43-15:54 UT: the presence of double oval UV used to monitor the local and global electrojet activities. We
aurora (se&lphinstone et al1995 in the 17:00-21:00 MLT  are particularly interested in the temporal evolution of polar
sector with auroral streamers extending from the northerrcap convection associated with the enhanced AL-deflections
branch (PBIs) to the southern branch. The local ground magebserved during the interval 14:00-17:00 UT. Global images
netic signatures of the auroral streamers in the Scandinaviaof the UV aurora from spacecraft IMAGE are used to infer
sector have been marked in F#. In previous studies we the auroral morphology in the different stages during the in-
have documented the association between auroral streametesrval 13:00-16:00 UT of our case study.
and their ground magnetic signatur&afdholt et a).2002.
In previous studies we distinguished between two succes-

sive stages in the evolution of open field lines within the
3 Summary and discussion Dungey convection cycle for southward-directed IMF, i.e.

“newly open” (time elapsed since reconnectieri0min)
In this case study we have documented an interesting spatiaknd “old open” (time since reconnectioril0—-30 min) field
temporal structure of polar cap convection during an intervallines. Central features of plasma flow in these two stages
of strong forcing of the magnetosphere when the interplan-are the flow channels we refer to as FC 1 (newly open)
etary electric field Kan and Lee 1979 Ex. >5mvVm1! and FC 2 (old open). Recently two more stages have been
at the time of an ICME passage at Earth. We want to fol-added (Fig1). While flow channels FC 1 and 2 are driven
low the temporal evolution of the CPCP and flow channelsby dayside reconnection, FC 3 is driven by closure of lobe
appearing at the dawn/dusk sides of the polar cap. We ainflux associated with magnetotail reconnection (Aig.In a
at distinguishing between the dayside and nightside sourcegiven hemisphere the flow channel FC 2, characterized by
of these convection phenomena. DMSP ion drift profilesenhanced%1kms1) antisunward flow in a restricted lati-
and associated electrostatic potentials across the polar capdinal range at the prenoon/postnoon polar cap boundary,
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DMSP F13, Cross-track flow, March. 20, 2001, SH
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Fig. 8. Cross track flows during five consecutive DMSP F13 dawn-dusk passes in the Southern Hemisphere.

Polar cap flow channels on the

dawn and/or dusk sides of the PC are marked by blue arrows.

Wy (kmfs)

"

I.I.LLLLLI.I.L.I.LLLLLI.LL|.LI.LLI.I.LI.L|.I.I.LLLLLLL

100 F
g sof
= W=
I =
i E
o =50
=5 E

e LA i \ .

time 132:42  13:44

muﬁdlut —45,40 —52,20 —D08.20 —B6.20 73,10
LT B.24

.54

Fig. 9. DMSP F13 pass in the SH
potential distribution. The vertical

1Z:46 1348 12350 13EB2  1%:54 1RES 1358 1400 1402 1404 1406 14308
—79.30 —83.60 —B210 -7E.70 7070 —9440 —GB.10 -31.70 —435.20
£.48 G.69 7.04 7.54 10033 1483 16837 1696 1727 1748 1744 17738

for 13:42-14:08 UT. The top panel showing cross track drift and the bottom panel showing electrostatic
lines mark the borders of flow channels to better visualize the potential drop over these channels.

is found at opposite sides of noon corresponding to thevection asymmetry beyond the cusp region in the antisun-

two different IMF By polarities.

By-dominated IMF orientation

tributes to enhancing the IMBy-related dawn-dusk con-

www.ann-geophys.net/29/2189/2011/

Thus, in the case of IMF ward direction. ABy-polarity dependence is confirmed by
the FC 2 flow channel con- the present study (see Fig). We here document the pres-
ence of flow channels on both the dawn and dusk sides of
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the polar cap during the interval 11:00-14:00 UT when the180

ICME field is B,-dominated By = 0). This new observation

is consistent with the general “rule” that the convection state

for B,-dominated IMF orientation consists of a superposition

of By <0 andBy > 0 states.
The two flow channels of the SH DMSP pass centered at

13:55 UT contributed 55kV to a total CPCP of 158kYV, i.e.

35 percent. This is attributed to the magnetopause Sourcg.e_in the interval of enhanced substorm activity. A signif-
i.e. our flow channel FC 2. This interpretation is supportedjcant increase (30-40kV) in the CPCP-NH (173KkV) is ob-

by the SuperDARN convection plot at 13:50 UT (FiR)
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Fig. 12. Sketch of DMSP trajectories in the SH and NH in

We now return to the NH F13 pass centered at 14:45 UT,

] ~served at this time. We hypothesize that this enhancement
which resembles a pattern caused by unbalanced dayside rgs que to an active magnetotail source of polar cap convec-
connection (see e.@rovan et al(2004). We also note that

tion (see alsd’rovan et al.2004 Lockwood et al. 2009

this DMSP pass occurred just before enhanced substorm agjien et al, 2010. This interpretation is supported by the

local magnetograms in the dusk sector showing a consider-
able poleward expansion of the westward electrojet in the

tivity started (see Figh).
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interval 14:40-14:50 UT (Fig}). This is consistent with po-
Iar cap contraction and excitati(_)n of flow channel FC 3. At Fig. 14. UV aurora obtained from spacecraft IMAGE.

this time (14:50 UT) the dawn-side flow channel (FC 3) con-

tributed approximately 50 kV of the CPCP-NH (Fif).

The CPCP is saturated in our case, as is normal whertreamers emanating from the polar cap boundary, as ob-
Eq >5mVm~! (the non-linear regime; seBurke et al.  served in the dusk-premidnight sector, (ii) activation of polar
(2007 and references therein). This is demonstrated by thesap flow channel FC 3 (marked in Fig5), and (iii) CPCP
fact that®goyle = 200KV (unsaturated potential), while our enhancements as a result of this increased flow.

CPCP estimates lie in the range 150-190kV. We observe On the association of streamers — convection — FACs we
CPCP-SH> CPCP-NH throughout the interval. This inter- also refer tcSergeev et a{2004 andPitkanen et al(2011).
hemispheric asymmetry could be due to conductivity (solarThe convection associated with streamers, which may be re-
zenith angle) differences in the two hemispheres (§@e  ferred to as the streamer channel, is marked as stage 4 in
etal, 201Q Peng et al.2009. Figs.1 and15. Polar cap convection jets in the pre-midnight

The flow scenario discussed above is consistent with censector (our FC 3) have also been reportedviigng et al.
tral features of the dynamical changes of the global UV au-(2010. They find that FC 3 occurs in intervals of enhanced
rora: (1) expanded polar cap before the interval of enhancedy, .
substorm activity started at 13:55 UT, and (2) nightside oval The dusk side flow channels in the SH DMSP passes at
contractions (poleward expansions at midnight) accompa42:20 and 14:02 UT (FigB) are associated with electrojet in-
nied by auroral streamers in the 17:00-21:00 MLT sector intensifications (Fig5) and therefore belong to category FC 3.
the interval from 13:50 UT onwards. By this data set we have demonstrated the nightside source of

The previously documented association between aurorapolar cap convection in the form of localized flow channels
streamers and bursty bulk flows (BBFs; sgergeev et al.  at the dawn/dusk PC boundaries and CPCP enhancements.
2004 confirms that BBFs are present in association with theThe implication is that flow channel FC 3 is driven by an
substorm activity during this ICME passage which we haveenhanced rate of magnetotail reconnection and that this flow
marked in the magnetospheric sketch in Hig. channel contributes significantly to the observed CPCP en-

Finally, in Fig. 15 we summarize the essential findings of hancement. This association will be investigated further in
this study, i.e. the documentation of the association betweefuture studies.
the following phenomena: (i) WEJ intensifications, followed  This study emphasizes the role of magnetotail reconnec-
by poleward expansions, polar cap contractions and auroraion for CPCP fluctuations during intervals of strong forcing

www.ann-geophys.net/29/2189/2011/ Ann. Geophys., 29, 21892011
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