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Abstract. Using DMSP F13 data in conjunction with IMF be added to the effect of magnetic tension acting on “newly
data we investigate the newly discovered channels of enepen field lines”.

hanced (1.5-3km/s) antisunward convection occurring atK
the dawn (06:00-09:00 MLT) or dusk (15:00-18:00 MLT)
flanks of the polar cap for different combinations of IMF
By, polarity, hemisphere (NH/SH) and the dawn/dusk MLTs.
Dawn-side cases where this flow channel appears occur
for the following combinations: NH-daws/,>0 and SH-
dawn/B, <0. The dusk-side cases are: NH-duskk0 and 1 Introduction

SH-duskB, >0. The flow channels are placed in the context

of particle precipitation regimes/boundaries and ionospheridn previous studies we aimed at a re-vitalization of a long tra-
conductivity gradients. They are found to be threaded bydition in the field of solar wind-magnetosphere-ionosphere
“old open field lines” (“time since reconnectiorn*10 min) coupling to which little attention has been directed in re-
characterized by polar rain precipitation. In the dawn-sidecent years. This is the question of momentum transfer “on
cases (NH-dawr, >0 and SH-dawr#, <0) and in a Parker  old open magnetic field lines” connected to dynamo action
spiral field, the polar rain contains the “solar wind strahl” taking place in the high-latitude boundary layer (HBL), tail-
component. The convection enhancement is attributed to thevard of the cusp@owley, 1981, Stern 1984 Siscoe et a.
Pedersen current closure of Birkeland current sheets (C1 anti991, 200Q Taguchi et al.1993. We emphasized the role
C2) in the polar cap (C1) and at the polar cap boundary (C2)of momentum transfer from the HBL contributing to the
The low ionospheric conductivity in the polar cap, partic- dawn-dusk ionospheric convection asymmetry during inter-
ularly in the winter hemisphere, is compensated by an envals of nonzero IMFB, component$andholt et a).20068.
hanced electric field driving the flow channel there. This is This is a controversial issue in view of the widespread view
momentum transfer from the solar wind via dynamo actionthat momentum transfer is restricted to “newly open field
taking place in the combined current system of the high- andines” (Lockwood et al. 1990. In the latter framework the
low-latitude boundary layers (HBL/LLBL). The conductivity IMF B,-related dawn-dusk asymmetry in polar cap convec-
gradient at the polar cap boundary contributes to establishtion is explained exclusively in terms of magnetic field line
ing the convection channel and the associated enhancemet&nsion on “newly open field lines'Jgrgensen et al1972

of the dawn-dusk convection asymmetry extending beyondGosling et al. 1990.

the dawn-dusk terminator during intervals of nonzero IMF In our recent studies we suggested an additional source
By, component. The HBL/LLBL-ionosphere coupling via of the convection asymmetry which is observed to extend
Birkeland currents C1/C2 is a source of dawn-dusk convecbeyond the dawn - dusk terminator. This is the newly dis-
tion asymmetry and Svalgaard-Mansurov effect which mustcovered channels of enhanced antisunward convection ob-
served on the morning (evening) side of the polar cap dur-
ing positive (negative) IMFB, condition when we refer to
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2007ab; Lund et al, 2008. On the basis of magnetic field light (conductivity) conditions in the ionosphere of the dif-
and ion drift data obtained during traversals of the polar capferent hemispheres: (i) NH-daw®y>0, (ii) SH-duskB, >0,
by satellite DMSP F13 we suggested that these flow channel§ii) NH-dusk/B, <0, and (iv) SH-dawr, <0. According to
are driven by the ionospheric Pedersen current closure of theu et al. (1994 the plasma convection in the cases (i) and
HCC-LCC Birkeland current system identified Byaguchi (i) and the cases (iii) and (iv) are generally mirror images of
et al. (1993, Birkeland currents which flow poleward of the each other. In this paper we shall examine this issue further.
traditional Regions 1 and 2 (R1/R2) currents. We also sug- A schematic illustration of our model of the electric cur-
gested that ionospheric conductivity plays an important rolerent systems related to flow channel FC 2 for the different
in establishing the strong ionospheric electric field which categories mentioned above and the associated IMF - mag-
drive the flow channels at the polar cap bound@wsr(dholt  netosphere (“old open” field lines; OOFL) interconnection
et al, 2006H. topologies are given in Figda and b. The current system
The noonward extension of the flow channels observed orconsists of the following parts: (i) ionospheric Pedersen cur-
the mid-morning £09:00 MLT) or postnoon~{15:00 MLT) rent, (ii) Birkeland currents in latitudinally separate sheets
sides of the polar cap (depending on ti#g polarity) of opposite current direction (R1/C2 and C1), (iii) the LLBL
was found to be associated with the high-latitude stagecurrent (/L gL) and (iv) the magnetopause curregfivp).

of poleward moving auroral forms (PMAFs/prenoBp#0; The origin of the C1 Birkeland current is due to the nonzero
PMAFs/postnoom, <0), within the regime of mantle pre- divergence of the magnetopause currehiig) appearing in
cipitation Sandholt and Farrugi20073. relation to the indicated dawn-dusk asymmetry of the IMF-

In these previous studies we distinguished between twanagnetosphere interconnection topology and the associated
categories of flow channels during intervals with a signifi- electric field coupling (see e.Gowley, 1987). Our C1/C2
cant IMF B, component, i.e., those located on “newly open” currents correspond to the “extra R0"/“extra R1” currents of
(called hereunder FC 1) and those associated with “old opefWatanabe et al(1996. In the Watanabe et al(1996 de-
field lines” (FC 2). By the term “old open” field lines we scription the “extra RO current”, generated in the tail magne-
mean magnetic field lines that have been reconnected in thtopause, is connected to the “extra R1 current” generated in
past, i.e., those whose “time since reconnectidiwckwood  the downstreamside LLBL (see their Fig. 10b).
et al, 1993 is >10min. By this time field lines opened In this paper we shall focus on the magnetosphere-
at the dayside low latitudes have been convected beyonénosphere coupling in the 06:00-09:00 and 15:00-
the geomagnetic field bifurcation and downstream of thel8:00 MLT sectors where the R1 current is observed to be bi-
cusp Smith 1994. They would then have their “feet” in  furcated during intervals of nonze®, component\{atan-
mantle or polar rain precipitation. This is a terminology and abe et al.1996 (see their Fig. 7). The two latitudinally sep-
definition we have used in early papers in 2003, 2004. arate branches of Birkeland current flowing in the same di-

In this study we shall direct attention exclusively on FC 2, rection (in or out of the ionosphere) in their model are those
the topic of momentum transfer on “old open field lines” we refer to as C2 (northernmost branch) and R1 (see Discus-
and its contribution to the dawn-dusk convection asymme-sion). Applying the multi-layered boundary model ®6n-
try. Emphasis will be placed on the spatial structure (in lati- nerup and Siebe(2003 the R1 and C2 currents map to the
tude and longitude) of the flow channels and the relationshignner (closed) and outer (open) parts of the LLBL, respec-
to particle precipitation regimes and boundaries. The roledively. The latter distinction is illustrated in the schematic
played by ionospheric conductivity and conductivity gradi- Fig. 1. Thus, the magnetospheric sources of the C2 and R1
ents are particularly important. The latter may indicate a seacurrents are the nonzero divergence of the cross-field current
sonal dependence which we will investigate. We shall thereflowing across the LLBL {1 gL ), in its outer and inner parts,
fore demonstrate case examples of ion drift and precipitatiorrespectively.
data obtained during dawn-dusk passes of spacecraft DMSP Previous studies by other researchers relating to our in-
F13 in both the winter and summer hemispheres. The DMSRestigation of the role of ionospheric conductance in plasma
observations presented here are a continuation/extension abnvection have been reported Gyooker and Ricl{1993,
the preliminary results reported 8andholt et al(20049 and  Tanaka (2001, and Ruohoniemi and Greenwal(2005.
in Sandholt et al(2006H). Crooker and Riclf1993 found a winter-summer hemisphere

We shall apply data from selected intervals with stableasymmetry which they interpreted in terms of the effects of
IMF conditions allowing multiple cross polar cap passagesdipole tilt (lobe cell in summer). More relevant to our study
of F13 in both hemispheres under the same IMF conditionsis their finding that the dusk cell dominates the dawn cell in
Thus, in addition to normal solar wind intervals, we shall also winter, consistent with the presence of a day-night conduc-
use interplanetary magnetic cloud intervals, which are chartivity gradient.
acterized by strong and stable IMF; conditions of long du- Weimer(1995 found that although “the ratio between the
ration (Lepping et al.2003 to probe this issue. We shall dis- potentials in the dawn and dusk cells (dawn-dusk asymme-
tinguish between the following categories of events, sortedry) is influenced by the season or dipole tilt angle, it is inter-
by IMF B, polarity, hemisphere (north and south), and sun-esting that the peak polar cap potential drop is about the same
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Fig. 1. Schematic illustration of current systems related to flow channel FC 2. Ranshows event categories NH-duBk/<0 (top

left) and SH-dawnBy, <0 (bottom right). Pane{b) shows the types NH-dawB/ >0 (top right) and SH-dusi, >0 (bottom left). The
corresponding IMF-magnetosphere interconnection topologies are marked by an old open field line (OOFL). The perspective is from the
magnetotail towards the Sun. (North is up and Dusk is to the left).

at summer, winter, and equinox.” He notes that the “it may Ruohoniemi and Greenwal@005 found that the influ-

be necessary to include the effects of ionospheric conductivence of season on convection depends on the IMF, especially
ity gradients, which may cause a rotation of the potentialsthe sign ofB,. They speculated that variability in the iono-
imposed by the solar wind”. spheric conductivity has a greater effect on M-I coupling un-

Tanaka(2001) argued that the ionospheric convection pat- der B, negative conditions.

tern should be considered the synthesized effect of magne- I this study we document the presence of a strong (1.5-
tospheric and ionospheric factors. Specifically, the projec-3 km/s) convection channel during IMBy, <0 conditions lo-
tion of plasma convection from the magnetosphere need§ated (i) poleward of the “evening anti-correlation arc” in
to be balanced with the requirement of field-aligned currentthe Northern Hemisphere winter (21 January 2001; NH-
closure in the ionosphere. lonospheric conductivity gradi-duskB,<0) and (ii) at the dawnside polar cap boundary
ents were found to have a significant effect on convectionin the Southern Hemisphere winter (20 August 1998; SH-
in the region of the Harang discontinuity. This effect has dawniBy <0).

been documented previously on small/medium scales by the A similar effect is observed under IMB, >0 conditions
rocket and radar observations reportedigrklund (1984). (i) at dawn in the Northern Hemisphere winter (12 December
In their model of the “evening anticorrelation arcs” the re- 1999; NH-dawnB,>0) and at dusk in the Southern Hemi-
duced precipitation-induced conductivity just equatorward ofsphere during spring (17 April 1999; SH-duskf0). We

the arcs is compensated by an enhanced electric field. Théhus conclude that the effect is present for b8thpolari-

low ionospheric conductivity leads to an enhanéedield ties. The convection channel is present in the dawn (06:00—
in order to drive the Pedersen current closing the system 009:00 MLT) or dusk (15:00-18:00 MLT) sides of the polar
upward and downward directed Birkeland currel@m{ddy  cap depending on the combination®f polarity and hemi-

et al, 1980 oriented in the same way as the Region 1 andsphere (N/S). Itis accompanied by polar rain electron precip-
2 currents.Karlsson and Marklungd1996 documented the itations (with or without the “solar wind strahl” component),
presence of small-scale (1-5km), intens€Q0mV/m at i.e., itis threaded by “old open field lines” which means that
1500 km altitude) electric fields in east-west aligned, low- they were reconnected some timel0 min) in the past. The
conductivity bands devoid of auroral emission, primarily on “strahl” is the closely field-aligned electron component of the
the nightside. The majority of the events were found to besolar wind halo population which is observed to have direct
associated with low ambient ionospheric conductivities. access to the magnetospheric lobe in the hemisphere where
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Fig. 2. Observations of flow channel FC 2 by SuperDARN radars during the NH-Busk case at 15:30 UT on 21 January 2001. The
coordinate system is MLAT/MLT. The track of spacecraft DMSP F 13 during a crossing of duskside arcs (15:28-15:29 UTMIOAT
and flow channel FC 2 (15:29-15:31 UT; 74°8@LAT/17:00—-19:00 MLT) on 21 January 2001 is shown by the blue line. F&amdholt

et al.(2006H.

particle entry is favoured by the IMB, polarity (NH for amples in five different cases (1 October 2002, 20 August

away sectorB, <0, and SH for a toward sectoB,>0), as  1998; 12 December 1999; 21 January 2001; and 10 January

documented byrairfield and Scuddgi1985. 1997). This is followed by a summary of the observations,
A convection phenomenon similar to that discussed inwhere we identify the characteristics of the different vari-

this paper, called “rapid plasma flows” (RPFs), has beenants (categories) of the flow channel as sorted by IBIF

previously documented in the evening/midnight (21:00-polarity, hemisphere, and dawn-dusk side of the polar cap.

01:00 MLT) sector and attributed to M-I coupling along The electrodynamics of the arcs bordering the flow channels

field lines threaded by plasma sheet boundary layer (PSBLpn their equatorward side and the implications in terms of

plasma Burke et al, 1994. We note that these RPFs were magnetosphere-ionosphere coupling are treated in the Dis-

not discussed in relation to IMB,. Kullen et al. (2008 cussion section. We end by summarizing the central results

pointed out that the possible contribution of rapid plasmaof the investigation.

flows to the large-scale plasma convection has not yet been

studied observationally. According kullen et al.(2008 the

relative contribution of the most intenBefield peaks (flows) 2 Data description

near auroral arcs to the general plasma flux is limited due to

the extremely narrow structure. 2.1 Ground-satellite observations of FC 2: category
This paper is organized as follows. First we reproduce NH-dusk/B, <0

a combined ground-satellite observation of the ionospheric

FC 2 flow channel for the case NH-dusk/<0 from Sand-  As an introduction to this study we reproduce fr@and-

holt and Farrugig20078. Then we will check the different holt and Farrugig20073 two figures illustrating the com-

FC 2 variants presented in Fity.by reporting new data ex- bined ground and satellite observations of flow channel FC 2.

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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Fig. 3. DMSP F13 data from the NH-dusi/ <0 case during the interval 15:19-15:46 UT on 21 January 2001. Panels from top to bottom
shows (i) energy fluxes of precipitating ions and electrons, (ii) average energy (ions and electrons), (iii—iv) electron and ion spectrograms
(differential energy flux), (v) cross-track horizontal ion drift, and magnetic deflection compoRBer(tast-west) and, (along track).

Different latitude regimes of particle precipitation and Birkeland current (C1-C2-R1-R2) are marked by vertical guidelines. Flow channel
FC 2 is indicated in the ion drift panel. Fro8andholt et al(2006H).

Thus, this case shows two independent measurements of floMLAT/17.3 MLT to the dawn side at ?TBMLAT/5.9 MLT.
channel FC 2. Figur shows FC 2 within~74—-80 MLAT We shall focus on panels (iii); electron precipitation: differ-
along the dusk meridian at 15:30 UT on 21 January 2001 agntial energy flux, (v); cross-track ion drift, and (vi); east-
observed by SuperDARN radar&reenwald et al.1995. ward magnetic deflectiorB()/Birkeland current (red curve).
The channel of antisunward flow (FC 2) indicated by red ar- Different latitude regimes on the dusk side sorted by particle
rows (74-80 MLAT/17:00-19:00 MLT) is located immedi- precipitation, ion drift and Birkeland currents characteristics
ately poleward of dusk-side arcs (702M™LAT) which are may be identified. At increasing duskside MLATSs we notice
also marked in the figure. Spacecraft DMSP F13 crossed thithe following regimes: (i) Energetic, diffuse patrticle precip-
convection channel during the interval 15:29-15:31 UT. Theitation/R2 Birkeland current. (ii) BPS-type precipitation/R1
F13 track is marked in the figure. The DMSP F13 data areBirkeland current. (iii) Evening anticorrelation arcs (EAAS)

shown below. — C2 Birkeland current. (iv) Polar rain precipitation — flow
Figure 3 shows data from the F13 dusk-dawn pass atchannel FC 2 — C1 Birkeland current (directed into the iono-
around 15:30 UT on 21 January 2001 (F. Thisis anil-  sphere).

lustration of flow channel FC 2 in relation to the C1-C2-R1- Flow channel FC 2 is characterized by (i) an abrupt en-
R2 Birkeland currents for the variant NH-dusk/<0 (see  hancement of the antisunward ion drift at the poleward
Fig. 1a). In this case spacecraft DMSP F13 crossed theboundary of the EAAs and (ii) a more gradual decrease with
Northern Hemisphere polar cap from the dusk side at°71.5 increasing distance from the arc on the polar cap side. C2

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009



1532 P. E. Sandholt and C. J. Farrugia: Plasma flow channels at the dawn/dusk polar cap boundaries

WIND/SWE /MFI September 30 — October 1, 2002 (GSM)
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Fig. 4. Solar wind plasma and IMF observations from spacecraft Wind during the interval 00:00 UT (30 September)—24:00 UT (1 October),
2002. Panels from top to bottom show (i) proton density, (ii) proton temperature, (i) bulk speed, (iv) solar wind dynamic pressure, (v) IMF
total field, (vi—viii) the field component8,, By, B, (ix) Alfvén-Mach number (MA; red) and proton beta, and (x) the IMF clock angle

(9). The shock (S), sheath, and the cloud proper are marked by dashed vertical guidelines. Interval in focus here (13:00-14:00 UT) is also
marked.

may be considered the poleward part of the R1 current. Theshear arcs (FSAs) and inverted — V arcs: (i) depressed ion
C2 and R1 parts are distinguished by different current inten-drift/E-field within the arc(s) and (ii) enhanced ion dit/

sity (gradient in magnetic deflection) and particle precipita-field of opposite polarity on either side.

tion characteristics. The C2 arcs show the properties of flow

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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2.2 Case 1: 1 October 2002 (IP magnetic cloud},>0: 1 Oct. 2002

NH-dawn 1o NH-dawn/By > o/suniit

Figure 4 shows solar wind and IMF data from spacecraft
Wind during the interval 00:00 UT (30 September)-24:00 UT
(1 October), 2002. At 12:00UT Wind was located at (87,
37, 5)Rg. This figure shows the interplanetary (IP) condi-
tions surrounding Earth during the passage of an IP magnetic
cloud Burlaga et al. 1987). The features marked by the
vertical guidelines are the shock (S), the following sheath, 1
and the magnetic cloud proper (21:30UT, 30 September—{g —-
17:00 UT, 1 October 2002). The latter is characterized by

a strong field, a low proton beta, and a slow rotation of the

field from strongly north B,=25nT; clock anglef)=0°) at

00.30 UT to strongly southR;=—20nT; clock angle=16Q Fig. 5. DMSP F13 tracks across the polar cap in the Northern Hemi-
at 12:00UT on 1 October. So, this is a north-south (N- sphere (NH) shown in MLT/MLAT coordinates during the inter-
S) type of cloud (see e.dg.epping et al. 2003. The bulk vals 08:48—-08:57 and 13:47-14:05 UT. The event category is NH-
speed is near 400 km/s making this a slow magnetic clouddawn/B, >0 (sunlit). Convection channel FC 2 is marked by the

We shall be particularly concerned with conditions prevail- Proad hatched arrow. Particle precipitation (CPS, MA, P.RAIN) and
ing during 13:00-14:00 UT on 1 October wh@=—20 to Birkeland current regimes (R2 (CPS), R1 (BPS), C2 (MA/P.RAIN),

—15nT; B,=5-10nT; clock anglé~158; B,=—5to 0 (see C1 (MA/P.RAIN)) are marked along the track, on the dawn (right)

) . o side.
solid vertical guidelines).

Figure5 shows two selected DMSP F13 tracks across the
polar cap in the Northern Hemisphere (NH). The coordinateconvection reversal, (6) R2 Birkeland current, CPS precipi-
system is MLAT/MLT. In this NHB, >0 case we shall fo- tation and slow sunward convection.
cus on the polar cap boundary on the prenoon/dawn side (see Birkeland currents C1 and C2 (regimes 3 and 4) are iden-
Fig. 1b). This is a case with sunlit polar cap ionosphere alongtified from the magnetic deflectionB() and the ion drift
the track. The intervals in focus are 08:51-08:57 and 13:59{Vor7) trace in the fourth and bottom panels. These cur-
14:05UT. Flow channel FC 2 (hatched arrow), convectionrents are flowing in the regime of mantle precipitation and
reversal (CR), precipitation (CPS, BPS, mantle (MA), polar antisunward convectio{jorz>1km/s). Birkeland current
rain (P.RAIN)) and Birkeland current regimes (R2, R1, C2, R1 (regime 5) flows in a latitudinally narrow regime which
C1) are marked along the track. We notice that flow channels characterized by LLBL/BPS type precipitation and a large
FC 2 is located in the regimes of mantle (MA) and polar rainion drift gradient in the vicinity of the convection reversal.
(P.RAIN) precipitations along the-09:00 and 06:30 MLT  Flow channel FC 2 (1.5-2.0 km/s antisunward convection) is
meridians, respectively. At these two times the Earth wasidentified within~70-73 MLAT.
embedded in the IP cloud characterized by a strong field (18— Figure 7 shows another representative example of the
25nT) which was directed south-eask,=—15 (—17)nT, DMSP F13 data obtained during a dawn-to-dusk crossing
By=15 (5)nT,0=135 (155). The F13 data obtained at these of the polar cap in the Northern Hemisphere during 13:41—
times will now be shown. 14:11 UT (see Fig5). This time the track is directed almost

Figure6 shows DMSP F13 data obtained during a crossingalong the 06:30 MLT meridian.
of the polar cap in the Northern Hemisphere during 08:36— \Vertical guidelines are introduced to mark latitude regimes
09:06 UT (see Fig5). Panels from top to bottom show: (i) with different precipitation, ion drift, and Birkeland current
electron precipitation flux versus energy, (ii) ion precipitation characteristics. We note the following latitude regimes of
flux, (iii) ion density, (iv) horizontal (normal to track; violet) Birkeland current, precipitation and convection, marked 1—
and vertical (green) ion drifts, and (v) magnetic deflection5 in the bottom panel: (1) C1 current and polar rain with
components3,, B, andB; (green; horizontal across track). antisunward convection, (2) polar rain and flow channel

We distinguish between the following regimes marked in FC 2, (3) C2 current and LLBL with antisunward convec-
the figure: (1) postnoon polar cap arcs associated with flowtion/convection gradient, (4) R1 current and LLBL with sun-
shear, i.e., flow shear arcSgndholt et a).20063, (2) polar  ward convection, and (5) R2 current and CPS (sunward con-
rain and standar@, - related dawn-dusk asymmetrical polar vection). The antisunward (cross-track component) convec-
cap convection, (3) Cl-type Birkeland current, mantle pre-tion speed in FC 2 is 1.7 km/s. The background convection
cipitation and enhanced antisunward convection, (4) C2-typén the central polar cap (regime 1) is 0.8-1.0 km/s. The con-
Birkeland current, mantle/LLBL precipitation, and enhanced vection reversal is located at the boundary between regimes 3
(1.5km/s) antisunward convection (FC 2), (5) R1 Birkeland and 4 (Note the bifurcation in the horizontal (violet) veloc-
current, LLBL/BPS - type precipitation in the vicinity of the ity component at 14:02 UT.) This means that the C2 current

F13

347

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009



1534 P. E. Sandholt and C. J. Farrugia: Plasma flow channels at the dawn/dusk polar cap boundaries

DMSF F13 — 01—0ct—2002 (Day 274)
$6)_ BACKGROUND REMOVED

2 1ot
SN |".
5 7 o Il |
L 107 . i | e e
L ;‘«-‘\-H-J_‘\ 1 |l L -'i-ll\-\-'\.li-u'i'u\-i'f"\-'l-___é
L T ' : Wb
A - ot
53941 o i L 3
EETT S | T a
E! TEIE N |Il ll'i: 1 MR Lwl"ﬂd i |y é:l E
T104-mwwM e i
£ 3 3
© 3 Ni and N[O+] i
S zoool _
o — _
L o 7
£ —2000 ~Vyorz WyERT T .
600 112 3 (4|3 6 _
Y5 0 el N Sl
-600B, B, B, i

Time 0836 0839 0842 0845 (848 0357 0854 0BS7 0800 0202 0306
tdLat 40.3 43.9 ER G3.4 EiR 6.5 1.7 63.6 a4.3 444 34,6
WLT 174 177 17.2 16.4 147 1.4 a7 a7 &1 T 73

Fig. 6. Northern Hemisphere DMSP F13 data for the interval 08:36—09:06 UT. Cross track ion drift (panel 4) is shown in the context of
particle precipitation (panels 1 and 2) and Birkeland current regiBesréce in the bottom panel). Polar cap arcs (regime 1), polar rain
precipitation (2), and Birkeland current regimes C1 (3), C2 (4), R1 (5), and R2 (6) are delimited by vertical guidelines. Event category:
NH-dawn/By, >0 (sunlit).

is flowing along antisunward convecting field lines while the ing average valuesB,=5nT, B,=—10nT, the clock angle
R1 current is in the regime of sunward convection. Thus,in the GSM Y-Z plane=135 The solar wind velocity is
the FC 2 and the related C1-C2 Birkeland currents showrB850 km/s. The solar wind density and dynamic pressure are
schematically in the upper right section of Fli) were iden-  ~8-10cnt2 and 1-2nPa, respectively. We note that al-
tified. though this is a solar wind transient, the relative polarities
of B, and B, are the same as that of the Parker spiral in a
2.3 Case 2: 20 August 1998 (IP magnetic cloud}, <0: toward sector.
SH-dawn and NH-dusk Figure 9 shows three selected DMSP F13 tracks across
the southern polar cap (SH). The coordinate system is
Figure 8 shows solar wind and IMF data obtained from MLAT/MLT. In this SH/B, <0 case we shall focus on the
spacecraft Wind during the interval 16:00 UT (19 August)— polar cap boundary on the dawn side (Fig). This is
12:00 UT (21 August). Wind was located at (63:836.2, a case with dark polar cap ionosphere along the space-
—4.0)Rg (GSE coordinates) at 12:00 UT, 20 August, in the craft track. The intervals in focus are: (i) 16:02-16:14 UT,
middle of the interval we study in detail. IP conditions sur- (ii) 12:41-12:53 UT, and (iii) 11:00-11:12 UT. Flow channel
rounding Earth again correspond to the passage of an IP mad~C 2 (hatched arrows), convection reversal (CR), precipita-
netic cloud Burlaga et al. 1981). The cloud interval lies tion (CPS, BPS, polar rain) and Birkeland current regimes
between the times indicated by the second and last verti{R2, R1, C2, C1) are marked along the tracks. Flow chan-
cal guidelines. TheB, component executes a slow south- nel FC 2 is located in the regime of polar rain precipitation
to-north rotation, so that this is a (S-N) cloud. Preceding(P.RAIN). The equatorward boundaries of polar rain precip-
the cloud are the driven shock (first vertical guideline) anditation, Birkeland current C1, and FC 2 are the same. The
the sheath region. We shall focus on the period 09:00-corresponding data examples will now be shown.
18:00 UT, 20 August in the leading phase of the magnetic Figure 10 shows a representative example of the DMSP
cloud, marked by vertical guidelines. This interval is char- F13 data obtained during a dawn-to-dusk crossing of the po-
acterized by very stable IMF parameters having the follow-lar cap in the Southern Hemisphere (see Big.The event
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Fig. 7. Northern Hemisphere DMSP F13 data for the interval 13:41-14:11 UT. Cross track ion drift (panel 4) is shown in the context of
particle precipitation (panels 1 and 2) and Birkeland current regiBesréce in bottom panel). Precipitation/Birkeland current/convection
regimes marked by vertical guidelines are: (1): P.RAIN and C1; (2): P.RAIN and flow channel FC 2; (3): C2 current, (4): R1 current; and
(5): R2 current. Event category: NH-dawsy/>0 (sunlit). Same format as in Fig. 6.

category is SH-dawi, <0 (dark ionosphere). The format beyond 1keV. Equatorward of the BPS precipitation a zone
is the same as in Fig. 6. Vertical guidelines are introducedof magnetospheric energetic electrons (CPS type), using the
to mark a channel of very enhanced antisunward flow in theterminology of Fairfield et al.(2008 (see their Fig. 2), is
polar cap (FC 2), with ion speeds in excess of 2 km/s (panetletected.

four). This is a case with a clear dawn-dusk asymmetry of the
polar cap convection with the largest flow speeds measured
on the dawn side of the polar cap consistent with the prevarl
ing B, <0 conditions. The flow channel speeds intensify this
asymmetry.

Birkeland current regimes (gradients in tBe deflection

n the bottom panel) are identified (from lower to higher lat-

itudes): R2, R1/C2, and C1. C1 extends from the FC 2

equatorward boundary towards high latitudes, i.e., covering

a wide latitude range. The C2/R1 regime(s) are latitudinally
We shall focus on the ion drift and precipitation pro- narrow, coinciding with the BPS type electron precipitation.

files on the dawn side. FC 2 starts at a sharp equatorwartlVe note that the identification of the C2 current is uncertain

boundary (flow shear reversal) and more gradually decreasn this case (see Discussion). R2 is the Birkeland current as-

ing flow speeds are observed towards higher latitudes. Thisociated with CPS electron precipitation.

latitude profile is typical for FC 2. Particle precipitation in

B 2 a0 25 20t A1 13027, T i h same evrt ctegory s rt ot pr
y P vious example: SH-dawnl, <0 (dark). The expected polar

to neighboring Northern Hemisphere passes) polar rain eIec-ap precipitation for this category is again polar rain con-

tron flux (top panel) is consistent with direct entry of the taining a “strahl” component. The reversal from sunward to

f;\%alljrr;v(;ng S|t|:f|12|3 mt(()) I;hrtiat S(Olg;(:fi:lr;)Hzg'jgzﬁﬁe%?gr Eap antisunward flow is abrupt (flow shear). FC 2 is delimited by
y x P y P ' Y the vertical guidelines. The latitude profiles in the vicinity of

Fairfield and Scuddg1.989. flow channel FC 2 are very similar to those reported in the
Flow channel FC 2 is bordered on its equatorward sideprevious case, 3 h later. This illustrates the stability of the
by BPS-type precipitation and electron energies extendingnagnetosphere-ionosphere conditions during the passage of

Figure 11 shows F13 data during the interval 12:32—

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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Fig. 8. Solar wind plasma and IMF observations from spacecraft Wind during the interval 16:00 UT (19 August)-12:00 UT (21 August),
1998. Panels from top to bottom shows (i) proton density, (ii) proton temperature, (iii) bulk speed, (iv) solar wind dynamic pressure, (v) IMF
total field, (vi-viii) the field components8y, By, B, (ix) Alfv €n-Mach number (red) and proton beta, and (x) the IMF clock adgleThe

shock, sheath, and the cloud proper are marked by vertical guidelines.

the interval of stable conditions in the IP cloud (F8y.and  on the dusk side (Figl). This is a case with sunlit po-
consequently the persistence of flow channel FC2. lar cap ionosphere. The intervals of interest here are: (i)

Figure12 shows two selected DMSP F13 tracks across thell‘r’:_13_fl‘r’:25 UT’ ?nd 02 1]?:52_11(_)7. L_JT' We note the f0|'|
polar cap in the Northern Hemisphere on this day. In this2Ving eatures: along the first track: (i): convection reversa

NH/B, <0 case we shall focus on the polar cap boundary(CR) and polar rain (PR) precipitation on its high-latitude
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side (along the track), (ii) flow channel FC 2 is totally absent 20 August. 1998
(see below); second track: (iii) arc in the vicinity of the con- SH-dawn / B, < 0/ dark
vection reversal (CR), (iv) polar rain precipitation and steady

antisunward convection convection on the poleward side of 12
the CR.

Figure 13 shows data from a Northern Hemisphere dusk- 09
dawn pass during the interval 15:04-15:34 UT. The event cat-
egory is NH-duskB, <0. There is a gradual, smooth transi-
tion from sunward to antisunward flow at dusk. In this sunlit ~ F13 BN\ e
case no flow channel FC 2 is observed. The BPS precipi-F13 153{ X PRAN 1102

tation is very weak, which implies a weak conductivity gra-

F13
dient at the polar cap boundary. Polar rain precipitation is R a R JR2 1100
detected in the polar cap. 109 | 110
Figure 14 shows F13 data during a dusk-dawn cross- ’e

ing in the Northern Hemisphere during 16:46-17:16 UT. FC2

This is event category NH-dusk{<O (sunlit). Thus,

this is the same category as shown in Fig.except Fig.9. Three DMSP F13 tracks across the polar cap in the Southern
for the sunlight ionization difference. This is a sunlit Hemisphere (SH) shownin MLT/MLAT coordinates. The event cat-
case. Five latitudinally separate regimes of Birkeland cur-egory is SH-dawm, <0 (dark). The following intervals are marked
rent/precipitation/convection, corresponding to those indi-() 11:00-11:12, (ii) 12:41-12:53, and (iii) 16:02-16:14 UT. Con-

cated in Fig.7 for the NH-dawnB,>0 case, have been vection channels are marked by hatched arrows. Particle precipita-
marked ' Y ' tion (CPS, BPS, P.RAIN) and Birkeland current regimes (R2, R1,

(1) C1 current and polar rain with antisunward convection,Cz’ C1) are marked along the different tracks.
(2) C1 current and polar rain with moderate (1 km/s) flow

channel FC 2, (3) C2 current and arc(s) with slow antisun- \ve notice the presence of a positig component and
ward convection, (4) R1 current with sunward convection, he B, is < 0 practically throughout the interval.

a_md (5) R2 current and CPS precipitation (sunward convec- Figure 16 shows three DMSP F13 tracks across the po-
tion). lar cap of the Northern Hemisphere. In this NKAO

The C1-C2 Birkeland current regimes shown schemati-case we shall focus on the polar cap boundary on the dawn
cally in Fig.1a) (top left) are easily identified in this case (see side (Fig.1b). This is a case with a dark polar cap iono-
B, gradients in the bottom panel; regimes 2 and 3). The enersphere. The intervals we consider are: (i) 12:33-12:48 UT,
getic arc(s) at the polar cap boundary is of the type “eveningi) 15:57—16:09 UT, and (jii) 22:39—-22:54 UT. Flow channel
anticorrelation arc”(EAA or inverted — V arc) (see discus- FC 2 is marked for all three cases. It is located within the
sion below). Moderate ion drifts of opposite direction are 70-80 MLAT/06:00-09:00 MLT sector. The equatorward
observed on the sides of the arc. The ion drift inside the argoundary of the polar rain/mantle precipitation regime(s) co-

is small (depresseB-field in regime 3). incides with the FC 2 equatorward boundary and the con-
vection reversal (CR). Plasma sheet precipitations (BPS and
2.4 Case 3: 12 December 199%,>0: NH-dawn CPS) at lower latitudes are also marked.

Figure 17 shows Northern Hemisphere F13 data for the
We next discuss DMSP F13 passes on 12 December 1998lusk-dawn pass during the interval 15:48-16:18 UT which
The components of the IMF are generally steady k-0, has been marked in Fig.6. This is event category NH-
B, <0, and IMF clock angle in the regime range 90-135 dawn/B,>0 (dark). The six vertical guidelines are intro-
Figure15 shows WIND data in the same format as for the duced to mark five latitude regimes with different Birkeland
previous interplanetary plots. The data refer to a fast (leading?UrTent, particle precipitation, and ion drift characteristics.
edge speed-750 km/s) interplanetary coronal mass ejection (1) C1 current and polar rain with antisunward convection,
(ICME) driving a shock. The shock (S), sheath and the lead{2) C1 current and polar rain with flow channel FC 2 (1-
ing edge of the ICME are marked. 2km/s), (3) C2 current and LLBL with moderate antispn—
Wind was situated at{14, —57, 16)R and (~10, —55, ward convection £1 km/s), (4) R1 current and BPS Wlth.
17)Rj at the start and end of the time interval shown, re- ast sunward convection, and (5) R2 current and CPS with
spectively, i.e. it was in the solar wind. The Wind-ground depressed sunward convection.
delay is practically zero: The storm sudden commencement
(SSC) elicited by the leading shock occurs at 15:51 UT and
the shock passes Wind at about this time. The passage at
Earth of the ICME lasts unti+17:00 UT on 13 December.

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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DMSP F13 — 20—Aug—1998 (Day 232)
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Fig. 10. Southern Hemisphere DMSP F13 data for the interval 15:53-16:23 UT. Cross track ion drift (panel 4) is shown in the context of
particle precipitation (panels 1 and 2) and Birkeland current regiBggsréce in bottom panel). Flow channel FC 2 in panel 4 is marked by
vertical guidelines. Event category: SH-dawpkO (dark).

2.5 Case 4: 21 January 2001B, <0: NH-dusk and SH-
dawn

pass we discuss (20:20-20:40 UT) aBg=2nT, B,=—8nT,
B,=—11nT (clock angle is~145°).

Figure19 shows the track of spacecraft DMSP F13 across
Data from two further (see Fi@) crossings of the polar cap the polar cap in the Northern Hemisphere during the interval
by DMSP F13 on on 21 January 2001, one in each hemi20:28-20:43 UT. In this NH?, <0 case we shall focus on
sphere, will now be discussed. As an introduction to this casehe polar cap boundary on the dusk side. This is a case with
we present the solar wind plasma and IMF data for the inter-dark polar cap ionosphere. We have marked the presence of
val 15:00-21:00 UT. In this case Wind was very distant from the flow channel FC 2 in the context of precipitation zones
the Sun-Earth line, so we consider ACE magnetic field data(CPS, arc, polar rain) and Birkeland current (C1).

ACE had gaps in the plasma data coverage for the period, Figure20 shows DMSP F13 data from a dusk-dawn pass
so we took SOHO data from the CELIAS instrument. The in the Northern Hemisphere during the time interval 20:22—
data resolutions are 1 min (plasma) and 16 s (field). The po20:52 UT. The event category is NH-dusk/<0 (dark). The
sitions of spacecraft at 15:00 UT are (242-5.,.7, 22.4)Rg ion drift profile at dusk shows the classical signatures of the
(ACE) and (194.2-23.0, 16.4)Rgr (SOHO). At 21:00UT  dusk-side arcs, i.e. (i) enhanced and opposed flows on either
ACE and SOHO were located at (242-52.2, 22.5)Rr and  sides of the arc, and (ii) strongly depressed flow speed inside
(194.2,—22.0, 16.5R g, respectively. the arc (making the flow pattern look like a bifurcated vortex

Figure 18 shows a combination of ACE (magnetic field) sheet). In this paper our concern is the abrupt onset of strong
and SOHO (plasma) data. ACE data have been time-shifte@ km/s) antisunward convection on the poleward boundary
by 16 min to account for the convection delay ACE-SOHO. of the arc. At this boundary there is a sharp transition from
With a low solar wind of~350 km/s, we estimate the prop- energetic arc electrons on its equatorward to to polar rain pre-
agation delay from SOHO to Earth to be65min. Thus cipitation on its poleward side. The smooth return to lower
the northward turning at 20:15 UT would arrive at the subso-flow speeds with increasing distance from the boundary is
lar magnetopause at21:20 UT which is about 45 min later a classical signature of the FC 2 flow channel and sets its
than the precipitation, convection and FAC regimes we dis-boundaries precisely. The characteristic Birkeland current
cuss below. The IMF conditions relevant to the DMSP F13features associated with this dusk arc and its surroundings

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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DMSP F13 — 20—Aug—1998 (Day 232)
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Fig. 11. Southern Hemisphere DMSP F13 data for the interval 12:32-13:02 UT. Flow channel FC 2 (panel 4) is marked by vertical guidelines.
Event category is SH-dawB/, <0 (dark).

reported in Fig3 are also seen in this case. We distinguish 20 August 1998
between five regimes: (1) C1 current and polar rain precipi- NH-dusk /B, < 0/sunlit
tation with moderate<1 km/s) antisunward convection, (2) 12

C1 current and polar rain/LLBL precipitation with flow chan-
nel FC 2, (3) C2 current and BPS-type precipitation (evening
anticorrelation arcs; EAAs) with depressed ion drift speed,
(4) R1 current and enhanced sunward convection, and (5) R2
current and CPS precipitation with moderate sunward con-
vection. 1513/ CR

15 09

Figure21shows an overview of the DMSP F13 track in the 1525
Southern Hemisphere during the interval 17:55-18:10 UT. In 165 o o e—
1

this SH/B, <0 (sunlit) case we shall focus on the polar cap Arc o Fi3 13

boundary on the dawn side (Fidj). Precipitation regimes
CPS, arc and polar rain (P.RAIN) have been marked. Fig. 12. Two DMSP F13 tracks across the polar cap in the Northern

. . Hemisphere shown in MLT/MLAT coordinates. The event category
Figure22 shows DMSP F13 data from the corresponding js NH-duskB, <0 (sunlit). The following intervals are marked: (i)

dawn-dusk passin the _Sothem Hemlsphere..Thls is the Cal5.13-15:25UT and (i) 16:52—-17:07 UT. Precipitation regimes are
egory for which polar rain with strahl electrons is expected in 5 r1ed along the track.

the polar cap (favoured by the IME; polarity). The ion drift

goes from strongly sunward to strongly antisunward in the

vicinity of the moderate BPS precipitation at the dawn side

polar cap boundary. Flow channel FC 2 (antisunward con-polar rain and enhanced anisunward convection (approach-
vection at 1.5 km/s) may be identified in this case. There ising 1.5km/s at equatorward boundary), (3) BPS-type elec-
no sharp poleward boundary of this FC 2. The following four tron precipitation and C2/R1-type Birkeland current in the
latitude regimes are marked in the figure: (1) polar rain andvicinity of the convection reversal, (4) CPS precipitation and
By-asymmetric polar cap convection at speetikm/s, (2)  R2 Birkeland current.

1522
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DMSP F13 — 20—Aug—1998 (Day 232)
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Fig. 13. Northern Hemisphere DMSP F13 data for the interval 15:04—15:34 UT. Polar cap boundary is marked by vertical guideline. Event
category: NH-dusk#, <0 (sunlit).

2.6 Case5: 10 January 1997B, <0; SH-dawn (sunlit) Figure25 shows DMSP data from a polar cap pass in the
Southern Hemisphere. Flow channel FC 2 (antisunward drift

We finally discuss DMSP F13 data on the last selected daySPeed: 1-3km/s) is marked by vertical guidelines (regime 2).
10 January 1997. The interplanetary medium consisted of & C 2 iS bordered on its equatorward side by regime 3 charac-
magnetic cloud. terized by relatively intense fluxes of BPS-type electron pre-

First we present an overview of the plasma and field dat cipitation (top panel) and the associated R1/C2-type Birke-

for this much-studied 10 January 1997 IP magnetic cloudsre]gnigu[‘r:rn; ?t;:ig?: Ir:r?elt;] € ﬁgogpnzge;nsager Sgultjr;?g?_
(e.g.Farrugia et a.1998. Wind data are given in Fig23. P P ) b-eq

Wi v o (5726545, 5501, nd (Gs0n,  Sboundey and o edu veriono e oy
—57.55,—4.50) at the beginning and end of the day. We no-,_~ Y 9

tice the stable plasma and field conditions around the timel"Jltltude bounQary in the pollar cap. The electron p_reC|p|tat|on
. ) in the dawn side polar cap including the FC 2 regime is rela-

of the DMSP F13 pass we discuss (17.00UT). The Ma3%ively intense polar rain. FC 2 is accompanied by a C1-type

netic field components relevant to our study aBg=—8nT, y P i P y yp

_ _ Birkeland current directed out of the ionosphere. Thus, the
By==11nT, and;=—1nT (clock angle~90"). FC 2-Birkeland current association is as indicated in Eqg.

An overview of the DMSP F13 track in the Southem (pottom right). Regime 4 in the figure is occupied by the R2
Hemisphere during the interval 17:06-17:18 UT is shown ingjrkeland current and CPS-type precipitation.

Fig. 24. In this SHB, <0 and sunlit polar cap case we shall

focus on the dawn side of the polar cap (Fig. (bottom

right)). Thus, this case can be used as an example to check Summary of observations

the presence of convection channel FC 2 under sunlit condi-

tions. Is it masked by the conductivity effect due to the foto- In case examples using data acquired by DMSP F13in cross-
ionization or not? We shall see that FC 2 is indeed presentpolar cap passes, we have documented the presence of chan-
with flows peaking at 3km/s. The flow channel is placed in nels of enhanced antisunward convection at the polar cap
the context of particle precipitation regimes CPS, arc (BPS)boundary whose position with respect to noon (dawn/dusk)
and polar rain (P.RAIN), and the convection reversal (CR). in a given hemisphere depends on the INS; polarity

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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DMSP F13 — 20—Aug—1998 (Day 232)
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Fig. 14. Northern Hemisphere DMSP F13 data for the interval 16:46—17:16 UT. Precipitation/convection/Birkeland current regimes marked
1-5 are: (1): P.RAIN (central polar cap); (2): P.RAIN and C1 current and moderate FC 2; (3): evening arcs and C2 current; (4): BPS and R1
current; (5): CPS and R2 current. Event category: NH-dBisk/O (sunlit).

(Fig. 1). Three examples were selected from intervals ofto precipitation boundaries and Birkeland currents for all cat-
IP magnetic cloud passages at Earth on 1 October 2002, 28gories. In addition we have reported sunlit and dark iono-
August 1998, and 10 January 1997. As a part of the dawnsphere examples for three of the four categories. Examples
dusk convection asymmetry the flow channels are located offi), (ii), and (vii) demonstrate that flow channel FC 2 can be
opposite sides in the Northern and Southern Hemispheregresent even in the case of a sunlitionosphere. In these cases
This flow channel, which we refer to as FC 2, is located im- (10 January 1997 and 21 January 2001) flow channel FC 2
mediately poleward of the zone of BPS/LLBL-type auroral is present in both hemispheres, but this is generally not the
precipitation, within the regimes of mantle and polar rain case. We note that when FC 2 is strongly present in the sun-
precipitation. From this observation we infer the convectionlit case (e.g., Fig. 22) the polar cap is bordered by a strong
channel to be associated with old open magnetic field linedlux of BPS precipitation (morning anticorrelation arc). On
(reconnection has occurred some time in the past). 21 January 2001 (and 17 April 1999; data not shown) FC 2 is
most pronounced in the dark hemisphere (compare Figs. 20

and 22). Below we shall discuss the reasons for the occa-
sional presence of FC 2 in the sunlit ionosphere.

In order to investigate the role of ionospheric conductivity
and associated polarization effects on this flow channel we
reported observations from both the Northern and Souther®
Hemispheres in cases where the ionosphere is sunlit in one The ion drift profile in the vicinity of flow channel FC 2
hemisphere and dark in the other. Thus we showed examplesn the dusk side is shown schematically in F&f for
of the following types: (i) NH-dawr#,>0 (sunlit; Figs. 6  IMF/hemisphere categories NBi<0 and SHB,>0. An
and 7), (ii) SH-dawnB, <0 (dark; Figs. 10 and 11), (iii) NH-  example of the former event category is the 21 January 2001
duskiB, <0 (sunlit; Figs. 13 and 14), (iv) NH-dawB/ >0 case (see Figd9 and20). The latter event category is also
(dark; Fig. 17), (v) NH-dusk#, <0 (dark; Fig. 20), and (vi) observed in the case of the magnetic cloud passage at Earth
SH-dawnB, <0 (sunlit; Figs. 22 and 25). on 17 April 1999 (not shown).

The extra case on 17 April 1999 (SH-duBkt 0/dark) Positive ion drifts ) are sunward while negative are an-
completes the coverage of the categories shown in Eig. tisunward. Enhanced subauroral ion drift is marked SAPS
We tested the presence/absence of FC 2 and its relationshijgubauroral polaraization stream; deaster and Vp2002.

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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Fig. 15. Solar wind plasma and IMF data obtained from spacecraft Wind during the interval 12:00-23:00 UT. The shock, sheath, and the
leading part of an interplanetary CME (ICME) have been marked by vertical guidelines. The format is the same as that of Fig. 4.

The polar cap is characterized by antisunward flow with adawn-dusk asymmetry in plasma convection. FC 2 is colo-
dawn-dusk asymmetry typical for the combinations of hemi- cated with the most equatorward extension of the polar rain
sphere and IMFB, polarity shown in this case (NBf <0 precipitation. The flow pattern on the dusk side polar cap
and SHB,>0). The strongly enhanced antisunward flow boundary is that of a bifurcated vortex sheet. The evening
observed when approaching the auroral boundary from thearc forms a slow-speed region in between the opposing flows
polar cap on the dusk side is our flow channel FC 2. Beingon either side (see ald€ullen et al, 2008 and references
located on the side of the polar cap with the fastest antisuntherein).

ward flows, flow channel FC 2 intensifies the INB-related

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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Four Birkeland current regimes on the dusk side are 12 Dec. 1999
marked R2, R1, C2 and C1. Current directions are shown by NH-dawn / By > o/ dark
arrows in Fig.26. The indicated bifurcation of the outward- 12
directed current with respect to the convection reversal (R1
versus C2) is observed in many cases. But this distinction
between the R1 and C2 currents is not always present, i.e., 15 09
C2 (poleward of CR) is not always present at the longitude
of the local F13 pass. P.RAIN> CR

From the ion drift profile we infer that the electrodynamics 28 | st N\ Py F13
of the arc bordering the FC 2 on its equatorward (left) side s — BPS\ o 1248 F13
is of the type referred to as an “evening anticorrelation arc” 2% 242
(EAA), following the terminology ofMarklund (1984. In 18 1557 1600 1603 06
our case the arc is bordered on both sides by convection chan-
nels with different flow direction. The ion drifte-field) is

strongly reduced in the center of the arc. The latter property
is the source of the term “anticorrelation arc”. The latitude Fig. 16. Three DMSP F13 tracks across the polar cap in the North-

profiles of the electric field and the ionospheric conductivity ¢, Hemisphere. The event category is: NH-dan/0 (dark).
are anticorrelated in the vicinity of the arc. In previous stud-

ies focus has been placed on the channel of enhanced sun-

ward flow on the equatorward side of even_ing arcs, markedyf ion drift (Viorz) and magnetic deflectionB() are seen.

FC 0 Marklund 1984. (The symbol FC 1 is reserved for The moderate presence of FC 2 at 16:55 UT on the same day
the flow channel on “newly open field lines” to be consistent js shown in Fig14. In the latter case a very energetic evening
with our previous notation.) In this study we investigate the 5,¢ (inverted — V arc) is present under the sunlit conditions.
properties of the flow channel on the poleward side of theThese observations indicate that enhanced particle precipi-

F13

\E 1609

FC2

evening arcs, our FC 2. o tation fluxes and the associated conductivity gradients may
The ion drift profile in the vicinity of flow channel FC 2 compensate for the sunlit conditions and allow FC 2 to form.
on the dawn side is shown schematically in F4g. This is The more exceptional case for sunlit conditions is the pro-

the hemispherd, polarity combination with enhanced polar nqynced FC 2 observed on 10 January 1997 (Fidsand

rain in the form of the solar wind “strahl”. This is the field- 25). In this case the dawn side polar cap is bordered by a
aligned component of the electron halo distribution which5rge flux of BPS-type electron precipitation. Clearly this
carries heat flux from the Sun’s corona directly into the hem"precipitation boundary (morning anticorrelation arc — polar
sphere favoured by IMB, (B,) polarity (Fairfield and Scud-  r5in) gives rise to a pair of strong flow channels FC 0/FC 2
der, 1985 Gussenhoverl989. even in the case of a sunlit ionosphere.

We note the abrupt convection enhancement on the pole- rhege data exemplify two basic features of solar wind-
ward boundary of the auroral precipitat.ion (BPS/LLBL) and magnetosphere-ionosphere coupling at dawn and dusk: (i)
the more gradual decrease towards higher latitudes, i.e. thgye effect of ionospheric conductivity gradients at auroral
similar latitude profile as for the dusk side FC 2 shown in j,ngaries on the ionosphetisfield/ion drift profile (flow
Fig. 26. FC 2 is bordered on the poleward side by the stan-channels FC 0 and FC 2), and (i) FC 2 as the result of mo-
dard By-asymmetric polar cap convection. The C2 and R1yentm transfer from the solar wind along magnetic field
currents are associated with antisunward and sunward i0fjnes threading polar rain precipitation, which we refer to as
drifts, respectively. . “old open” field lines (reconnection has occurred in the past).

_Figures26 and 27 show that the dusk-side FC 2 and or- reatyre (j) may give rise to some deviation from mirror sym-
dinary polar rain occur for the following combination of metry of the ion drift profiles in Figs26 and 27 when one
hemisphere and, polarity: NH/B, <0 and SHB,>0. The  pemisphere is sunlit and other is dark, as demonstrated by
dawn-side FC 2 and polar rain with the “strahl” component o 21 january 2001 case (Figs. 20 and 22). These two as-

occur for the combination NH#, >0 and SHB, <0. pects of the observations will be discussed in greater detail
The ion drift profiles in Figs26 and27 are those typically  pgjow.

observed in cases when the ionosphere is dark and occasion-

ally when it is sunlit. In cases of a sunlit ionosphere flow

channel FC 2 is often totally absent or only weakly present.4 Discussion

The absence of FC 2 occurs in the NH-dugk&0 (sunlit)

case at 15:13UT on 20 August 1998 (FIg). This case is The basic rationale for this paper is that plasma convection
characterized by a very weak BPS precipitation at dusk and @n open field lines can be subdivided in two distinct stages
correspondingly weak conductivity gradient at the polar capcorresponding to "newly open” and "old open” field lines.
boundary is expected. Smooth and strongly correlated tracehe topic of this paper is the newly discovered convection

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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DMSP F13 = 12-Dec—1999 (Day 346)
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Fig. 17. Northern Hemisphere DMSP F13 data for the interval 15:48-16:18 UT. Precipitation/Birkeland current/convection regimes marked
1-5 are: (1): P.RAIN (central polar cap); (2): P.RAIN, C1 current and flow channel FC 2; (3): P.RAIN/LLBL and C2 current; (4): BPS and
R1 current; (5): CPS and R2 current. Event category: NH-dBwr0 (dark).

channels in the second stage and their role in the excitaC2-C1) Sandholt and Newel1992 Farrugia et al.2003
tion of an IMF B, -related dawn-dusk convection asymmetry. 20041).

Our most important conclusion is that these flow channels
demonstrate the presence of a channel of momentum tran?i-0
fer from the solar wind along “old open” field lines associ-
ated with polar rain precipitation. Although the relationship

to the first stage in the convection cycle, flow channels onground optics, have been reported I@ksavik et al.
newly open field lines (FC 1), is not the focus of this paper (2004 Rinne, et al. (2007 and Moen et al. (2008

a brief comment is appropriate here. We consider flow chany the’ latter work thé PMAFS/postnodsy=0 a;:tivity ié

nel FC 2 as basically a spatial structure, but the open fiel laced in the context of Birkeland current sheets and
line evolution includes a prehistory initiated by pulsed Mag-fow channel EC 1. Here we have applied the classi-
netopause reconnection, as witnessed by the phenomencﬁgaﬂon of PMAF categories in terms of IMB, polar-

of poleward moving auroral forms (PMAFs). Associations ity and MLT sector (prenoon/postnoon) as ryeported by

t;g;ween dPSMAth’ qu(;( ;r9a8nsfer teven;llét(ssill andl E.lphtf Sandholt and Farrugi€20073: (i) PMAFs/prenoonB, >0,
8 and >ou W?.O t( 7)t_d ypea .lrwtctagn.es in the pi) PMAFs/postnoonB, >0, (iii) PMAFs/prenoonB, <0,
cusp region were Tirst reported and 1fiustrated in a Seres of, (iv) PMAFs/postnool, <0. The separation of the

Lockwood, Sandholt, and Cowley papers in 1989/1990 (SeePMAFs/prenoon and PMAFs/postnoon activities (for both

?.g. Santljhtolt ?t aj.1f990. Lathrka(Ijva:ces ont the ;paﬂal- B, polarities) by a strongly attenuated auroral emission (the
emporal structure ot aurora, birkeland currents an Co.nveC“midday gap” aurora) is a central feature of the auroral
tion in the first stage of the evolution of open field lines

in the MLT sectors~09:00-12:00 and-12:00-15:00 MLT morphology Farrugia et al.2004 Sandholt and Farrugia

have established a consistent picture of the poleward prop?007a'

agation of the auroral activity (PMAFs) and corresponding The essential element of the connection between PMAFs

activations of latitudinally separate current sheets (R2-R1-and the convection channels at dawn-dusk we docu-
ment in this paper (NH-dawB/>0, SH-duskB,>0,

Recent advances in our knowledge of plasma convec-
n and aurora in the early stage of the open field
line evolution (newly or recently reconnected field lines),
based on EISCAT Svalbard radar data in combination

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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SOHO/CELIAS-ACE/MA January 21, 2001
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Fig. 18. Solar wind plasma and IMF data for the interval 15:00-21:00 UT obtained from spacecraft SOHO (plasma) and ACE (magnetic
field), respectively. Same format as in Fig. 4.

NH-duskiB, <0, and SH-dawm, <0) is the Birkeland cur- ~ 18:00 MLT), which is the topic of this paper (Fig. 1), are as-
rent pair we call C1-C2 (corresponding to the HCC- sociated with polar rain precipitation where auroral emission
LCC currents of Taguchi et al. 1993. The highest- is practically absent. We conclude that the latter observa-
latitude stage(s) of PMAFs/prenoon~@9:00 MLT) and tions represent a later stage of open field line evolution after
PMAFs/postnoon~15:00 MLT) have been connected with the PMAFs activity has faded. Momentum transfer from the
mantle precipitation and the C1-C2 currents (Beerugia  solar wind at this later stage can be explained by the inter-
et al.(2003 andSandholt and Farrugi&0073. connection geometry shown schematically in our Fig. 1.
The C1-C2 currents in the sectors further away from In previous studies the IMFB,-related dawn-dusk

noon (downstream side of the cusp; 06:00-09:00 and 15:00asymmetry in polar cap convection and the associated

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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Fig. 19. DMSP F13 track across the polar cap in the Northern Hemi-
sphere. The event category is: NH-dugkkO (dark). Polar rain
precipitation, flow channel FC 2, and the arc on its equatorwar
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(Fig. 1). The additional effect we consider is the different
ionospheric conductivity conditions in the sunlit versus the
dark ionospheres.

In the summary Fig6 and27 we demonstrated the pres-
ence of the same latitude profiles of flow channel FC 2 in
these cases: (i) NH-dusi{<0 (dark) and SH-dusig,>0
(dark) and in cases (i) NH-dawB/>0 (dark) and SH-
dawn/B, <0 (dark). This means that the FC 2 profiles in NH-
dusk/B, <0 and SH-dawr, <0 as well as NH-dawm, >0
and SH-duskB, >0 are mirror images of each other.

We also observed differences in the dawn- and dusk side
profiles (deviations from mirror symmetry), appearing on the
equatorward side of FC 2 (the C2/BPS current/precipitation
regime). The ion flow speed inside the dusk side arc (the
evening anticorrelation arc (EAA) and C2/R1 Birkeland cur-
rent) is strongly depressed (Fig6). A corresponding field
depression is generally not seen in the dawn side cases
(Fig. 27). This dawn-dusk asymmetry is related to the po-

glarity of the C2/R1 Birkeland currents (in or out of the iono-

boundary have been marked. C1 represents Birkeland current in thePhere) which is opposite in the dawn (in) and dusk (out)

P.RAIN regime.

Svalgaard-Mansurov (S-M) effect have been widely at-

tributed to magnetic tension forces acting on “newly open
field lines” (see Introduction). In recent studies we demon-
strated the presence of an important extra contribution to
the dawn-dusk convection asymmetry and the S-M effect
via solar wind - magnetosphere - ionosphere coupling act

ing on “old open field lines” $andholt et a).2004 Farru-
gia et al, 20043 Sandholt et a).2006h Sandholt and Far-
rugia 2007ab). This is the few hundred km wide channel
of enhanced antisunward convection (our FC 2) which unde
certain conditions (nonzero IMB,,, ionospheric conductiv-
ity gradient) is observed at the dawn/dusk boundaries of th

polar cap. The relationships between FC 2 and Birkeland

currents (C1/C2) and the polar cap boundary arcs for th

IMF B, <0, Northern Hemisphere/dusk case are illustrated

in Fig. 3.

r

cases. This is the cause of the observed deviation from mir-
ror images in the two ion drift profiles.

By using the case examples presented above we shall study
the electrodynamics of the different types of arcs for the con-
ditions of dark and sunlit ionospheres. Based on these obser-
vations we shall be able to infer the conditions for the occur-
rence of flow channel FC 2 and to discuss the M-I coupling
associated with this enhanced antisunward flow.

The essential elements of the arc electrodynamics are the
latitude profiles of ion drift E-field) and Birkeland current
in the vicinity of the arc at the polar cap boundary. Generally
these arcs are related to the flow shear at the polar cap bound-
ary and for that reason they are often called “flow shear arcs”

(FSAs) Reiffetal, 1978. So, we shall focus on the ion drift

éVHORZ) andB, curves inthe DMSP F13 data. In our data set

we shall distinguish between two basically different latitude
rofiles: (i) the case wheWorz and B, are strongly corre-
ated (same smooth latitude profiles in both parameters), and
(ii) the case with strong (abrupt) deflections in thgorz
profile which is not accompanied by a corresponding deflec-

In this study we aim at a more systematic classificationtjon in B, (see e.gSmiddy et al, 1980. According to the

of the different variants of this flow channel in terms of (i)
IMF B, polarity, (i) hemisphere (N/S), (iii) the dawn/dusk

arc classification oMarklund (1984 category (i) is called
a “Birkeland current arc”, while category (ii) is a “polariza-

sides of the polar cap, and (iv) the conductivity gradient attjon arc”. In reality there is a continuous transition of arc

the polar cap boundary.

characteristics ranging from one extreme case to the other

Flow channel FC 2 occurs at the boundary between poladepending on the relative importance of the roles played by

rain precipitation (“old open field lines”) and arcs of plasma
sheet or LLBL origin. This is the side of the polar cap
where the antisunward ion drift and polar rain precipitation
maximize during intervals of nonzero IMB, (Mozer et al,

1974 Meng et al, 1977). As indicated above we sorted the

the polarizatiorE-field and the Birkeland current for the ob-
served arc electric field.

Applied to the dusk side boundary the “polarization arc”
is called an “evening anticorrelation arc” (EAA) while the
“Birkeland current arc” at dusk often appears as an “inverted

different categories of these polar cap boundary events by V" arc. The EAA is characterized by a polarizatigrfield

hemisphere (N/S)B, polarity and dawn/dusk MLTs. Thus,
the cases we investigate are: (i) NH-duskkO, (ii) SH-
duskB, >0, (iii) NH-dawn/B, >0, and (iv) SH-dawmB, <0

Ann. Geophys., 27, 1527554 2009

in the arc which opposes the ambient field so that the total
field is strongly reduced inside the arc. The enhancement of
the field outside the arc is due to the ionospheric Pedersen

www.ann-geophys.net/27/1527/2009/
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DMSP F13 — 21-Jan—2001 (Day 021)
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Fig. 20. Northern Hemisphere DMSP F13 data for the interval 20:22—20:52 UT. Precipitation/convection/Birkeland current regimes marked
in the figure are: (1): P.RAIN (central polar cap); (2): P.RAIN and C1 current and flow channel FC 2; (3): BPS (evening arcs) and C2 current;
(4) BPS and R1 current; (5): CPS and R2. Event category: NH-@yskd (dark).

current closure of Birkeland currents. The low conductivity 21Jan. 2001
outside the arc is compensated for by a strnigeld. Thus SH-dawn / By, < o/ sunlit
the R1/R2 currents on the dusk side give rise to enhanced

sunward flow on the equatorward side of the arc at dusk (FC 12
0). Our flow channel FC 2 is located on the poleward side of

the arc, associated with lower conductivity in the polar cap 15
ionosphere (only polar rain precipitation) and the Pedersen

current closure of the paired Birkeland currents marked C1

and C2 in Figs26and27. This current circuit applies to both

the dawn - and dusk side cases.

F13
In our data set we have examples of both categories of arcs. 1810 | 1807 [ 1g0a

A good example of the EAA is given in the NH-dugk/<0 60 -70 -80 -90 -80 70 -60

(dark) case shown in Fi@0 (see also schematic illustration

in Fig. 26). Well defined flow channels are seen on both sidesrig. 21. DMSP F13 track across the polar cap in the Southern Hemi-
of the arc. FC 2 is strongly present on the dusk side polar cagphere. Precipitation/Birkeland current/convection regimes marked
boundary (polar rain precipitation) in this case. in the figure are: (1): P.RAIN; (2) P.RAIN and FC 2 and C1 current;
3): morning arcs and C2/R1 currents; (4): CPS and R2 current. The
vent category is: SH-dawBy/ <0 (sunlit).

We now compare this case with a sunlit case with the sam
By, polarity and hemisphere (NH-dusgk/ < O/sunlit) shown
in Figs.13 and14. In the case of the dusk side pass shown
in Figs.13(15:13 UT) FC 2 is totally absent. We also notice
the smooth and well correlatdgiorz and B; curves. In this  arcs are present with (i) reduced ion drift inside and (ii) flow
case no polarization field is present at the polar cap boundehannel FC 0 on its equatorward side. An abrupt increase of
ary. The second pass (16:55 UT; Figl) shows, however, the antisunward ion drift is seen on the polar cap side of the
a somewhat different arc electrodynamics. Clear boundanarcs. This we may call an FC 2, even though its poleward

www.ann-geophys.net/27/1527/2009/ Ann. Geophys., 27, 18254-2009
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DMSP F13 — 21—Jan—2001 (Day 021)
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Fig. 22. Southern Hemisphere DMSP F13 data for the interval 17:49-18:19 UT. Precipitation/Birkeland current/convection regimes marked
are: (1): P.RAIN (central polar cap); (2): P.RAIN and C1 current and FC 2; (3): morning BPS and C2/R1 currents; (4): CPS and R2 current.
Event category: SH-dawBj, <0 (sunlit).

boundary is not so well defined as in the dark ionosphere It is apparent that both the degree of flow shear and the
cases. We note that well-defined Birkeland current regimesonductivity gradient in the ionosphere are important ele-
C1, C2, R1, and R2 (see Fig6) may be inferred from the ments in the electrodynamics of the polar cap boundary arcs
B,-trace in the bottom panel in Fig4. C2 (directed out) is at dawn/dusk MLTs. In the case of sunlit ionosphere and
associated with the energetic electron arc located at the polaveak BPS/LLBL-type precipitation the conductivity gradi-
cap boundary. FC 2 is confined to the most equatorward exent is small and FC 2 can be totally absent (see example
tension of the polar rain precipitation. C1 is a relatively weak Figs. 13). The other extreme is the dark cases with a sharp
current (smallB, gradient) covering a large latitudinal range poleward boundary of intense fluxes of BPS/LLBL type pre-
in the polar cap. cipitation (Figs.10, 11 and 20). In those cases flow chan-

Based on these data we infer that the association benel FC 2 consists of fast (2—-3 km/s) antisunward flows. Fig-
tween Birkeland currents and the ionospheric Pedersen cumre 25 (10 January 1997 IP cloud case) is a sunlit case with
rent (Jp) closure is as indicated by arrows in Figg and  fast (3 km/s) antisunward flow. In this case the conductivity
27. The paired Birkeland currents C1 and C2 are closed ingradient is provided by the intense fluxes of BPS-type precip-
the ionosphere via the ionospheric Pedersen current along thigation at the polar cap boundary. This is the SH-dakyr{0
electric field. The C2 current is the current flowing adja- (sunlit) case showing the ion drift/precipitation profile which
cent to the R1 current (on the poleward side), in the latitudeis similar to the SH-dawl, <0 (dark; 20 August 1998) case
regime of the “flow shear arc” (FSA) at the polar cap bound-illustrated in Fig.27 except for the reduced ion drift in the
ary (see also Fig). In our view C2 corresponds to the “ex- BPS/C2 regime which is not seen in the 20 August 1998
tra downstreamside cleft-associated R1 currentWafanabe case. The combination of very fast antisunward flow and
et al.(1996 (see their Fig. 7). In some of the reported exam- sunlit ionosphere in this case is expected to give rise to very
ples FC 2 is present although the distinction R1/C2 is notstrong ionospheric Hall currents and a correspondingly large
easily identified, or totally absent (only R1 is present at theground magnetic deflection (Svalgaard-Mansurov effect).
longitude of the F13 pass). This may be explained by the lon- This example (Fig25) also illustrates the presence of the
gitudinal limitation of the C2 currentatanabe et al1996 dense polar rain with the “solar wind strahl” component as
(see their Fig. 7). expected in the SH-dawB/ <0 case.

Ann. Geophys., 27, 1527554 2009 www.ann-geophys.net/27/1527/2009/
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Fig. 23. Solar wind plasma and IMF data for 10 January 1997 obtained from spacecraft Wind. Same format as in Fig. 4.
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The latitude profiles of Birkeland currents, ionospheric equatorward of the arc. In our dusk cases a similar profile is
conductivity, andE-field/ion drift in our dusk-side cases seen inside the arc and at its poleward (polar cap) side. Fea-
(the arc-FC 2 boundary) are as schematically illustrated inture (i), characteristic of the polarization arcs, is generally

Fig. 6.12 inPaschmann et a{2002. In the latter model,
applicable to nightside (21:00 MLT) cases, tadield is (i)

not observed at the dawn side polar cap boundary (where
C2/R1 is directed into the ionosphere). However, in the case

depressed inside the arc (regime of outward-directed Birkeof intense BPS precipitation at dawn, the field depression is
land current), (ii) abruptly enhanced at the arc equatorwarcdbserved also there, even when photo-ionization is present

boundary and (iii) falls off smoothly with increasing distance (see Fig25). This may be explained in terms of the particle

www.ann-geophys.net/27/1527/2009/
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Fig. 24. DMSP F13 track across the polar cap in the Southern Hemi-
sphere. The event gategory is: SH-daBg0 (sunlit).

precipitation-induced conductivity gradient at the BPS-polar
rain precipitation boundary.

Features (ii) and (iii), which are so characteristic of FC 2,
have been attributed to local ionospheric modification, i.e.,

extraction of electrons and ions from the local ionosphere

(seePaschmann et al2002 at the interface between the
inward-directed Birkeland current and the continuing Peder
sen current. The reduced Pedersen conductivity in the regio
of plasma depletion gives rise to enhanéeéleld in a non-
linear process. We note, however, that one part of this argu
mentation, i.e., ionospheric plasma depletion by electron es
cape in the region of inward-directed Birkeland current, doe
not apply to FC 2 at dawn since it is located in the regime
of outward-directed Birkeland current (C1). Thus, while the
FC 2/dusk case can be explained in terms of this traditiona
model, the FC 2/dawn case, characterized by the abrupt io
drift/E-field enhancement in the regime of outward-directed
Birkeland current/polar rain precipitation at the boundary of
the polar cap, is slightly different. The observations show
that the drop in ionospheric conductivity at the polar cap
boundary is compensated by an enharigditld also in this
case. For recent advances on flow channel excitation in th
vicinity of dayside Birkeland current arcs we referNtmen

et al.(2008.

5 Summary and conclusions

S
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few hundred km wide streak of enhancedl(5-3 km/s) anti-
sunward convection at the polar cap boundary inté:00—
09:00 and 15:00-18:00 MLT sectors. The FC 2 channel is as-
sociated with mantle and polar rain precipitations. The latter
is particularly prominent in the case of the dawn-side events.
In the NH-dawnB, >0 and SH-dawn#, <0 cases the polar
rain contains the “solar wind strahl” component since this is
the hemispherd, polarity combination favouring direct en-
try of the “strahl” in a solar wind with Parker spiral oriented
IMF (oppositeB, and B, polarities) Fairfield and Scudder
1985 Gussenhoverl989. The data material of this study
includes five intervals of IP magnetic cloud passage at Earth
(10 January 1997; 20 August 1998; 17 April 1999; 12 De-
cember 1999; 1 October 2002).

Flow channel FC 2 maximizes at the interface between the
pair of outward and inward-directed Birkeland currents we
refer to as C1/C2. C1 is a current which is distributed over
a wide latitude range in the polar cap where polar rain pre-
cipitation is observed. At high altitudes C1 connects to the
magnetopause curreni((C1)=—V-Jup). C2 is the Birke-
land current at the polar cap boundary (in th@6:00—09:00
or 15:00-18:00 MLT sector, depending 8 polarity) flow-
ing adjacent to and in the same direction as the R1 currentin
the restricted latitude range of the BPS/LLBL-type precipi-
tation Watanabe et 811996 (see their Fig. 7), on the pole-

ward side of the convection reversal (CR). The R1 current is
ﬂowing on the equatorward side of the CR. This bifurcation
of the R1/C2 currentin relation to the CR confirms a previous
observation from mid-altitudes by spacecraft Pokar(ugia
etal, 2003. FC 2 is then a result of the ionospheric Pedersen
current closure of the C1/C2 currents.

The possible coupling of the C1-CPp currents to dy-
pamo action in the LLBL ) and HBL (Jmp) sections
rc‘)f the outer magnetosphere and magnetopause is shown
schematically in Fig28. This is an illustration of momentum
transfer from the solar wind along “on old open field lines”
(OOFLs; polar rain electron precipitation) via dynamo action
in the HBL-LLBL system. TheE-field coupling from the
magnetosheathEsn) to magnetospheretsp), imposed

by the magnetosheath flow, is indicated. The latter is the

?raditional coupling Cowley, 1981) accounting for the tradi-

tional dawn-dusk convection convection asymmelvpter

et al, 1974. The C1/C2 currents and their ionospheric Ped-
ersen current closurg/ () represent an important additional
element to the traditional description which, in our view, is
essental for the explanation of the FC 2 flow channel. C2 is

We reported different representative examples illustrating thethe fraction of the R1/C2 current which is connected to C1
variants of a newly-discovered convection channel (our FC 2)via ionospheric Pedersen current in the polar cap. At high al-
which for a given IMFB,, polarity appear on the dawn and titudes the C2 and R1 currents connect to the outer and inner
dusk sides of the polar cap, in the opposite hemispheres, dusections of the LLBL, respectivelyj( (R1/C2)=—V-J.L).

ing intervals of nonzero IMMB, component. The different The latter distinction is illustrated in Fig@8. This combined
flow channel variants are sorted by IMF, polarity, hemi-  LLBL-HBL model for the C1/C2 currents may be considered
sphere, and dawn or dusk side of the polar cap: (i) NH-as an extension of the model 8fscoe et al(1997]) to cases
duskiB, <0, (ii) SH-duskB,>0, (iii) NH-dawn/B,>0, and  with nonzero IMFB, component (see alst/atanabe et al.

(iv) SH-dawnB, <0. The convection channel appears as al996andSonnerup and Siebe2003.
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P. E. Sandholt and C. J. Farrugia: Plasma flow channels at the dawn/dusk polar cap boundaries 1551

DMSP F13 — 10—Jan—1997 (Day 010}
i S5) BACKGROUND REMOVED

Lo
=
o
L
.
O
L
Ll . '%
] e 4
o E R L[ | L B 1 | E
g 5107 ] f I l %T'M i 1' Iy M IE".' r‘ﬂllﬂlll -
= 102 AR R’y I -
AR L i ol
b 4 E Mg
L 10* Ty L
I R Vo £ i V2 ?
© 3 Niand N[O+] -
& zoool .
o B ]
\ Y [ o —
£ 2000 ~Vhnrz VER] V/ :
600 4 31 2] 1 |
'E 0 ‘?Eﬁagﬁa-%ﬁ;;
—600 B, B, B. -
Tirmme 16857 1700 1703 1708 1709 1712 1715 1713 1721 1724 1727
Mt -38.7 —4B8 —5%1 —B8.5 -7R5 —B52 —7B3 -68.B —620 —553 —48.8
MLT 5.8 5.4 6.1 6.4 73 fzd4 160 167 170 172 {73

Fig. 25. Southern Hemisphere DMSP F13 data for the interval 16:57—-17:27 UT. Precipitation/Birkeland current regimes marked in the figure
are: (1): P.RAIN (central polar cap); (2): P.RAIN and C1 current and flow channel FC 2; (3): BPS and C2/R1 current; (4): CPS and R2
current. Event category: SH-dawly/<0.
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) . . ) profile along the dusk-dawn meridian in the context of particle pre-
Fig. 26. Schematic illustration of DMSP F13 cross-track (horizon- cipitation (PS, P.RAIN) and Birkeland current regimes (C1, C2, R1,

tal component) ion drift profile ) along the dusk-dawn merid- R2) for event categories NH-dawsy>0 and SH-dawr#, >0. Not
ian in the context of particle precipitation and Birkeland current to scale.

regimes (vertical guidelines) for event categories NH-dBgk/O
and SH-duskB, >0. Not to scale.

Svalgaard-Mansurov (S-M) effect. The S-M effect will be
The flow channel (FC 2) we reported contributes strongly particularly strong when the flow channel FC 2 is excited in
(note the strength of its flows) to the IMF, related dawn-  a sunlit ionosphere (with photo-ionization), as in the 10 Jan-
dusk asymmetry of plasma convection and the associatedary 1997 case (SH-dawBy<0/sunlit) shown in Fig25.
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