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Abstract. Themis E observed a perpendicular (to the mag-1 Introduction
netic field) electric field associated with an Earthward plasma
flow at Xgsm=—9.6 R on 11 January 2008. The electric Considerable efforts have been made to understand the
field observation resembles Cluster observations closer tdarth’s auroral acceleration processes. It is known that both
Earth in the auroral region. The fast plasma flow sharedquasi-static and Alfénic electric fields contribute to the au-
some characteristics with bursty bulk flows (BBFs) but did roral acceleration (e.gKeiling et al, 2003 Karlsson et al.
not meet the usual criteria in maximum velocity and duration2004. Alfvén waves are observed throughout the auroral
to qualify as one. Themis C observed the same flow furtheroval, in the cusp and cleft. They are most common at the po-
downtail but Themis D, separated by onlR% in azimuthal  lar cap boundary of the auroral oval and in the premidnight
direction from Themis E, did not. At the time of the electric sector Chaston et al.2003. Quasi-static electric fields in
field and ion flow event, the all-sky imager and ground-basedhe upward (downward) current region are converging (di-
magnetometer at Rankin Inlet observed Poleward Boundaryerging) with upward (downward) pointing, magnetic field-
Intensifications (PBIs) and a negative bay signature. None ofiligned componentsMarklund et al, 1994 Ergun et al.
the other Themis ground-based observatories recorded ari998. Direct measurements of parallel electric fields have
significant auroral or magnetic field activity, indicating that been made both in the upward current regibdoger and
this was a localized activity. The joint Themis in situ and Kletzing, 1998 Ergun et al. 2002 and in the downward
ground-based observations suggest that the two observatioresirrent region Andersson et al2002. The associated po-
are related. This indicates that auroral electric fields can extential structures can be U- or S-shaped, corresponding to
tend to regions much farther out than previously seen in Clusmonopolar or dipolar signatures in the electric field perpen-
ter observations. dicular to the magnetic field. The acceleration region of the
upward current region is typically located between 5000 and
Keywords. Magnetospheric physics (Auroral phenomena; 8000 km in altitude but sometimes reaches down to 2000 km
Electric fields; Magnetosphere-ionosphere interactions) (McFadden et a]1999. In the downward current region, the
acceleration region is located at lower altitudes; intense elec-
tric fields have been observed down to altitudes of 800 km
(e.g.,Marklund et al, 1997). Chaston et a2003 found that
most of the Alfienic acceleration occurs at altitudes above

Correspondence tor. Johansson the apogee of the FAST spacecraft (4175 km) but that a con-
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(johtom.7@hotmail.com) tinued acceleration of electrons takes place at lower altitudes.
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On the high-altitude side, auroral electric fields (perpendicu-served PBIs with fast flow channels in the tail, occurring in
lar to the magnetic field) have been observed by Cluster up téthe same local time sector. When no PBIs were observed in a
7 R geocentric distance (e.dohansson et aR004). How- local time sector, also no fast flows were observed in the tail
ever, it is unclear if these electric fields may be observed atn the same local time sector.

even larger distances along the magnetic field and how they Lyons et al.(1999 claimed that PBIs are the result of
are generated. the mapping to the ionosphere of the localized enhanced

Fast plasma flows in the magnetotail known as bursty bulkjawn-to-dusk electric fields that give rise to BBFs within
flows (BBFs) are important for the transport of plasma in the plasma sheet, as suggestecHenderson et a1999.
the plasma sheet. Bursty bulk flow events have been dean observation of auroral streamers moving poleward at the
fined as 10-min duration flow enhancements and flow burstgame time that other auroral streamers moved equatorward
are considered to be embedded velocity peaks of 1 min dugrom a PBI ledLiu et al. (2008 to propose a revised ex-
ration Baumjohann et 811989 Angelopoulos et al1992.  planation. Alfien waves generated by the BBFs were sug-
Different threshold values have been used for BBR®-  gested to cause the auroral streamers. When the velocity
gelopoulos et al(1992 1994 usedv,>400km/s, where,  of the BBF is sufficiently large, Alfén waves launched at
is the velocity of the Earthward ion flow. A definition used «guter” field lines arrive later in the ionosphere than those
by Schodel et al.(2003), for what they named rapid flux |aunched at “inner” field lines, giving the auroral streamer an
transport events, walg'xB|>=2mV/m. The characteristics apparent poleward motion. “Outer” and “inner” field lines
of BBFs include a decreased density (leading to a reducegefer to field lines further away from and closer to Earth,
plasma pressure), increased magnetic field strength and degnhapping to higher and lower latitudes, respectively. The
creased plasma beta (e @htani et al. 2004 Sharma etal.  first indication that BBFs might be responsible for signifi-
2008. Earthward BBFs have been observed at radial discant Alfven power generation was presenteddmgelopou-
tances of 1R (Schbdel et al. 200]) but are more frequent  |os et al.(2009. They used a Geotail-Polar conjunction to
further downtail Angelopoulos et al.1994. The BBFs can  show that most of the Poynting flux associated with BBFs
be relatively narrow. A recent study, taking advantage of 53¢ 18Ry was dissipated before it reache®p and that ki-
Cluster multipoint measurements, gives the azimuthal sizeetic Alfven waves along auroral field lines were the likely
at the observation point as 283 (Nakamura et a] 2004). dissipation mechanism.

BBFs are expected to be due to reconnection@rmaoset
et al. (2000 showed that high-speed, long duration flows
far down the magnetotail were in fact produced by recon-
nection. According to the “bubble” theorZhen and Wolf

1999, BBFs are underpopulated flux tubes (“bubbles”) and, (e s o rapid flux transfer evedtidel et al, 2007).

electrlcally p_odlarlﬁed“gugbfo”de_lc_:rr]easeg denzltz; and tpla(ljsma,,he relation between the electric fields and the local plasma
pressure inside the "bubble”. € enhanced dawn-to- us%haracteristics is investigated. Ground-based observations of

electric field e.nhanc_es the flows and Iau_nchese!ri Waves.  auroral signatures at the time of the event are also discussed.
The upward field-aligned currents predicted by this theory,

connecting the BBFs to the ionosphere, are consistent with
observationsNlakamura et al2007).

Poleward Boundary Intensifications (PBIs) occur through-5  |nstruments
out the nightside auroral oval with auroral signatures moving

typically equatorward from the poleward boundary of the au_The Themis satellites were launched on 17 February 2007

roral oval. Zesta et al(2006 showed that the orientation | . . .
of the PBIs is local time dependent. PBIs are north-southw'th the goal of increasing the understanding of substorms

aligned in the post-midnight sector but east-west aligned in(AngeIopoqus 2008. The mission consists of five probes

the dusk sector, while they tilt from east-west to north—souththat dl_mng the tail science phase have_ apogees of 10
direction in the premidnight sector. In a studydyla Beau- (Them!s A), 12 (Themis D and E), 20 (Themis C) andrg0
jardiere et al.(19949), it was shown that PBIls were related (Themis B).

to enhanced equatorward flows in the ionosphere. A further All satellites have identical instrumentation. In this study,
connection with a localized increase in the nightside recon/neasurements from the EFI electric field instrument, the
nection rate was a|so found_ui et a|_ (1998 Observed a FGM magnetiC f|e|d instrument and the ESA partiCle inStrU'
possible relation between BBFs and optical auroral signaiment are used together with measurements from the ground-
tures moving equatorward, whilsjons et al.(1999 found  based observatories.

that BBFs were more frequent and stronger during periods The EFI instrumentBonnell et al, 2008 utilizes the dou-

of PBIls, compared to periods without PBIs. Although a one-ble probe technique to measure the electric field in the spin
to-one correlation between PBIs and BBFs could not be conplane as well as along the spin axis. In the spin plane, the
firmed, Zesta et al(2006 could associate all of their ob- two booms are 40 and 50 m tip-to-tip, respectively.

Here, electric field and ion flow observations by Themis
E at 10.6Rx geocentric distance, or at0.6,—-2.7-3.7)Rg
in GSM coordinates, are presented. The main peak of the
electric field has a magnitude of 6 mV/m and the event may
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Fig. 1. The positions of Themis C (right), D and E (left) for the period 05:55-06:10 UT irkthg s, -plane, with Earth to the left. Overlaid
are the observed velocity vectors. The event is in the center of this interval and all three satellites move towards mor&gegative

The fluxgate magnetometer, FGM, measures the back&SM xy-plane are displayed in the left (Themis D and E) and
ground magnetic field at an accuracy 40.01 nT Auster right (Themis C) panels in Fig. 1, respectively, for the period
et al, 2008. The single sensor is mounted on a 2m boom. 05:55-06:10 UT. All three satellites move toward more neg-

Two separate Electrostatic Analyzers (ESA¥cFadden  ative Ygsm. Themis E, located 9.Bx downtail, was sepa-
et al, 2009 make measurements of ions and electrons, bottrated from Themis D by approximatelyRl;, mostly in the
covering energies in the range 3 eV-30keV. The instrumentsluskward direction. Themis C was further down the tail at
have a field-of-view of 360 In this study, density, velocity, Xgese=—16.4Rg. The velocity vectors overlaid on the pro-
and temperature moments are used. jected orbits are discussed below. No or only sporadic data

The Themis ground segment consists of 20 all-sky imagergire available from Themis A and B for this time.

(ASIs) and more than 30 magnetometers, covering Canada

and Alaska Donovan et a].2006 Mende et al.2008 thus 3.1 Themis E

giving a good coverage of the nightside magnetosphere. The

white light imagers have a 3 s resolution. Figure 2 displays an overview of the observations made by
Themis E. The data shown in the panels are, from top to bot-
tom, the total magnetic field, the three GSM components of
the magnetic field, the magnetic field elevation angle (where
0° corresponds to Earthward direction, 280 tailward di-

The characteristics of an electric field event observed byrection and 90 is along the GSM z-axis), the three GSM
Themis E close to 06:00 UT on 11 January 2008 will be pre-components of the ion flow velocity, the total velocity of
sented. Ground-based observations in the form of magnethe ion flow, ion energy-time spectrogram, ion and electron
tometer and all-sky imager data provide a view of the auroral(red) densities, electron energy-time spectrogram, ion and
activity at this time. Themis C and D data are shown to giveelectron (red) temperatures. The magnetic field is measured
a context to the event. by the FGM instrument and all plasma moments have been

The positions of Themis C, D and E at the time of this obtained from measurements by the ESA instrument. The
event are presented in Table 1. The orbits projected into thdlack, green and red lines in panels two and four are the X,

3 Observations
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- THEMIS-E . Table 1. Positions of Themis C, D and E in GSM at 06:02 UT, 11
Y W January 2008.
s | ;
e %g L T X(Rg) Y(Rg) Z(Rg)
S e Y — ThemisC -16.4 —3.88 —6.04
s M ‘ ] ThemisD -9.91 -390 —3.88
| A ég W ThemisE -9.58 —274 -3.72

=B 200k b
e i : 05:50 UT. During the second period (06:02:30-06:06 UT),
5 é’ 159 MMMMM E the flow is more continous and strongex (ax~200 km/s).
T B ‘ i 3 The Earthward component is dominating but there is also a
: " — & rather strong duskward component. Both flows are perpen-
m § dicular to the magnetic field. The ion and electron densities
® decrease at the start of the two flow periods. The ion and
- electron temperatures increase at the first flow but while the
w : electron temperature also increases during the second flow,
E - the ion temperature is rather constant. This is consistent with
H s what can be seen in the energy-time spectrogram.

- The magnetometer at Rankin Inlet observes a negative bay
oog: : E signature (e.g.Akasofu and Meng1967. The decrease
5, .1'383 W in the H component of the magnetic field occurs between
& 150 E 05:54-06:22 UT, with a minimum at 160 nT below the base-

g o 38 33 line value, between 06:01-06:10 UT. Rankin Inlet is the only
[zgsm - 3.7 A A Themis ground-based observatory that detects any significant
2008 Jan 11 signature in the magnetometer data, indicating that the activ-

ity was quite localized.

Fig. 2. Themis E observations on 11 January 2008, between 05:30— Figure 3 displays 10 min of electric field data, focusing
06:30 UT of, from top to bottom, the total magnetic field, the three ON the peak occuring at 06:02:30 UT. The black lines are
GSM components of the magnetic field, the magnetic field eleva-the EFI electric field components in the GSM system (ob-
tion angle (where D corresponds to Earthward direction, 280 tained from spin plane measurements and assuiiBg-0
tailward direction and 90is along the GSM z-axis), the three GSM  to get the third component). Overlaid in green dotted lines
components of the ion flow velocity, the total velocity of the ion are—vx B, wherev is the ESA ion velocity moment. A good
flow, ion energy-time spectrogram, ion and electron (red) densitiesconsistency is seen between the measured and inferred elec-
electron energy-time spectrogram, ion and electron (red) temperag;c fie|ds, giving confidence to the measurement. The total
tures. The black, green and red Ilnes_ln_panels two gnd four are th?/elocity of the ion flow is repeated in the fourth panel.
X,y and z compone_nt_s of_the magnetic field and the ion flow._ In_the The magnitude of theZ, peak at 06:02:30 UT is close to
last panel, the deviation in the H component of the magnetic field Y e T
observed at Rankin Inlet, is displayed. 6 mV/m, corresponding to 200 mV/m at ionospheric altitude,

if a dipolar configuration is assumed in a crude approxima-
tion to map the electric field. A secori, peak of 4.5 mv/m
is seen approximately 2 min later. The electric field enhance-
'fments in theE, component are well correlated with tiis,
peaks but theE, enhancements are weaker. The com-

y and z components of the magnetic field and the ion flow.
The last panel displays the deviation in the H component o

the mag_netic field observed at Rankin Inlet (see further OIiS'ponen'[ is close to zero throughout most of the interval, con-

cussion in Sect. 3.3). sistent with the magnetic field being predominantly in the
The magnetic field observed by Themis E is dominated bYZGSM-direction.

the B, component. Disturbances in the magnetic field can be Comparing thel E /d B ratio with the local Alfien veloc-

seen around 05:45UT and 06:00 UT. At both times, Bae ity can reveal whether or not the event is Adfvic in nature.

component is increasing and tg component is decreas- ysing the peak value of the electric field, 6 mV/m, and the

ing. As a result, the elevation angle increases, indicating &yssgciated variation iB,, 4nT, gives alE /d B of 150 km/s.

more dipole-like configuration. Assuming only protons and taking the ion plasma density
Close to the two dipolarization times, two ion flow periods measured by the ESA instrument, 0.4cinand the total

are observed. Both tailward and Earthward flows with speedsnagnetic field, 16 nT, gives an Algn velocity of 556 km/s,

of approximately 100km/s are observed between 05:41-er 3.7 times{E /d B. This is, considering the uncertainties in

Ann. Geophys., 27, 148350Q 2009 www.ann-geophys.net/27/1489/2009/
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Fig. 3. The three GSM components of electric field for the same _ . . i . -
event as Fig. 1 but zoomed in at 05:58—06:08 UT. The black lines ard 19- 4- Themis E observations for the same time period as in Fig. 3.

measurements by the EFI instrument, where the third componenThe first panel displays the electric field perpendicular to the mag-
has been calculated by assumB@=0. The dotted green lines are netic field. The ion flows parallel and perpendicular to the magnetic

—vxB. The total velocity of the ion flow is repeated in the fourth fi€ld is shown in the second and third panels, respectiviey. Bihe

(black), By (green) and; (red) GSM components are shown in the
fourth panel. Panel five displays the perpendicular Poynting flux,
while the last panel displays the ion plasma beta.

panel.

the estimations, sufficiently close that the event can be inter-

preted as Alfenic. (To examplify the uncertanties, assume The perpendicular, Earthward ion flow velocity rises

instead equal amounts oftHand O" ions. This assumption sharply between 06:02:00 and 06:02:30UT, stays at

gives an Alfien velocity of 191 km/s, or 1.3 time&E /d B.) ~200km/s for approximately 20s and decreases during a
Figure 3 shows that the electric field peaks (at 06:02:30 UTfew minutes before reaching 50 km/s. The main peak at

and 06:04:30UT) observed by Themis E were found at06:02:30 UT occurs when the ion flow reaches its maximum.

the edges of the second Earthward flow period (06:02:30-The second electric field peak occurs close to 06:05 UT, dur-

06:06 UT) in Fig. 2. This can also be seen in Fig. 4. Here,ing a gradual decrease in the ion flow.

the electric field perpendicular to the magnetic field is plot- The perpendicular component of the Poynting flux,

ted together with the parallel and perpendicular ion ﬂows.S=iO(E><B), has been calculated and is shown in panel five

The data have been resampled to the resolution of the magpf Ftig- 4. The parallel Poynting flux is more or less zero for

netic field. The parallel electric field is small and omitted. the whole interval. However, the Earthward Poynting flux

To give a sense of the parallel and perpendicular directionsis correlated with the electric field enhancements. This in-

the magnetic field in the GSM system is also plotté.is dicates that the flow structure carries electromagnetic energy

the dominant component and therefore the parallel directiorfoward Earth.

is close to the z-axis.

www.ann-geophys.net/27/1489/2009/ Ann. Geophys., 27, T48%-2009
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Fig. 5. Themis C observations in the same format and for the samdrig. 6. Themis D observations in the same format and for the same
time period as Fig. 2, except that the Rankin Inlet magnetometeitime period as Fig. 2, except that the Rankin Inlet magnetometer
data is not included. data is not included.

The last panel in Fig. 4 shows the ion plasma bgta A 3.2 Themis C and D
significant drop ing; from 3 to 1 occurs at the time of the
main electric field peak. Although; recovers to almost the  Figures 5 and 6 display overviews of Themis C and D data
same value as before the drop, a continous decrease is sefi} the same time period and in the same format as in Fig. 2,
across the ion flow untj; reaches 1.5. Variations § sug-  except that the magnetometer data from Rankin Inlet are not
gests boundary crossings separating plasmas with diﬁerer]fepeated_
characteristics. Here, the boundary is between the Earthward Themis C is located aKgsy=—16.4R; and observes
flowing plasma and the background plasma of the magnetoz, garthward ion flow 05:59:30-06:09 UT with a velocity
tail. ; has been used to characterize plasma boundaries agg approximately 400km/s (panel four in Fig. 5, see also
sociated with auroral electric fielddghansson et aR006. the right panel in Fig. 1). The expected time delay for the

To summarize, Themis E observed an enhanced perpenoy to reach Themis E, aXgsw=—9.6Ry, is, assuming a
dicular electric field close to the edge of an Earthward ionqqnstant velocity, 2.4min. This is in quite good agreement
flow, an Earthward Poynting flux and a sharp gradienfiin  ith the observation by Themis E of an Earthward ion flow
The ion and electron densities decrease during the flow regia ing at 06:02:30 UT, considering that the ion flow slowed
gions. Although the event does not qualify as a BBF (100 yoyn to 200 km/s by the time it reached Themis E. Note that
short duration and too low velocity), it shares some BBF Themis C and E are separated R in the Y Zgsm plane
characteristics and the electric field meets the criteria for Ysee Table 1) and that this has not been taken into considera-
rapid flux transfer evenSchidel et al, 2001). tion.

The ion flow at Themis C is mostly directed anti-parallel
to the magnetic field, which is dominated by tBe compo-
nent. However, the magnitude & decreases at the start
of the flow, making the magnetospheric configuration less

Ann. Geophys., 27, 148350Q 2009 www.ann-geophys.net/27/1489/2009/
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stretched. Themis C observes decreases in the ion and elec-
tron densities and the ion temperature just before the Earth-
ward flow. The region of decreased ion and electron densi-
ties is also easily identified in the energy-time spectrogram.
This observation can be interpreted as Themis C entering the
lobe region for approximately 5 min. During the flow, the ion
density gradually increases while the ion temperature rises
quickly to a higher value than before the dip. The electrons
have, in contrast to the ions, two temperature enhancements

H Component
T ‘ T

Median (nT)
KIAN=13986.9
MCGR=14315.2
BETT=11650.4
HLMS=15075.9
CIGO=12881.4
POKR=11363.8
GAKO=14916.6
EAGL=12039.8

during the Earthward ion flow.

The particle observations made by Themis D are, in a
large-scale sense, similar to what Themis E observes, which
is to be expected given their close proximity. Some density
depletion is seen in the Themis D ion and electron data but

WHIT=14112.8
. A3 INUV=9064.2

PTRS=12862.7
PGEO=17627.7

- iFSIM=107288

200.nT/major, 20.nT/minor tickmark

they are not as clearly collocated with the start of the flows 4 FSMI=10690.0
as were the short depletions observed by Themis E. However, TPAS=12560.8
Themis D and E, although only separated by approximately u PINA=15099.8
1Rg in Ygsm, make quite different ion flow observations. % _3GILL=10598.1
Two weak tailward ion flows are seen by Themis D, at 05:58— @ RANK=7157.1

06:01UT and 06:05-06:08 UT (panel four in Fig. 6). The
first ion flow occurs before the ion flow seen by Themis E
and the second ion flow starts during the end of the Themis E
ion flow. The difference can also be seen in the left panel
in Fig. 1, which displays the 05:55-06:10 UT velocity vec- S
tors observed by Themis D and E in th&’gsym plane. Itis ‘
clearly seen that flows at Themis E are Earthward throughout A 0600 0630

this interval, while Themis D observes flows with changing

directions and two distinct but much weaker tailward flows.

Hence, the ion flows at Themis D and E appear to be unreF_ig' 7. _H compqnent of Themis ground magnetometer data from
lated and this illustrates how localized fast plasma flow chan-1gh latitude stations.

nels may be.

KAPU=16676.6

- 2 SNKQ=1094538

CHBG=16522.1

- 3KUUJ=128345

GBAY=16458.2

) _ ) is consistent with the typical PBI orientation in the premid-
3.3 Ground-based observations and Themis E footpoint night sector, as reported Eesta et al(2008.
The PBIs and the negative bay observed at Rankin Inlet
The ground-based magnetometer signature at Rankin Inleere the most significant observations by the Themis ground
was displayed in the last panel of Fig. 2 in the form of the segment. The conclusion must be that the only significant
deviation in the H component. A negative bay signature wasactivation in the night sector at this time occurred close to
observed at the time of the Themis E electric field and ionRankin Inlet. It is well known that PBIs are related to Earth-
flow observations. Figure 7 displays the H components of thayard fast flows (e.g.Zesta et al.2006. Given the Rankin
magnetic field observed at the Themis high latitude groundinlet observations and the lack of other auroral activity obser-
stations, including Rankin Inlet (RANK). The negative bay vations, it is tempting to connect the Themis E observations
signature observed at Rankin Inlet is the only significant sig-to the Rankin Inlet observations.
nature recorded. However, using the Tsyganenko T96 modEsyganenkp
The optical auroral signatures observed above Rankin Inlef999 to map the Themis E location to the ionosphere re-
are Poleward Boundary Intensificationyd@ns et al, 1999. sulted in a footpoint close to the Sanikiluag (SNKQ) station,
In Fig. 8, 16 panels display ASI images from Rankin Inlet rather than Rankin Inlet (see Fig. 9). The deviation between
between 06:02:00 and 06:03:30 UT. A keogram is shown aRankin Inlet and Themis E’s Tsyganenko footpoint i§ 2t
the top of Fig. 8 for the period 05:55-06:15 UT. In this se- 1.4h in MLT. Some activity is observed at Sanikiluag, but
guence of images, brightenings appear west and east of thi&e signature is much weaker than the Rankin Inlet signature
center of Rankin Inlet’s field-of-view. A number of PBIs oc- (—20 and—160 nT, respectively).
cur also before 06:02:00. The PBIs all appear at the poleward In an earlier Themis event studyrigelopoulos et al.
boundary of the diffuse aurora and they are elongated mostl2008, ground-based and in situ observations were better cor-
in the west to east direction (but with some tilt towards north- related when an MHD model was used to obtain the foot-
south direction) and expand equatorward and eastward. Thipoint (Raeder et al2008. The same model, with ACE solar
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event is the main source of uncertainty in the result. A more
general uncertainty is related to field-aligned currents (FACs)
or magnetic field line distortions, which can be caused by
flows in the y-direction in the near tail. Such flows were
0555 0600 0605 0610 observed by Themis E. The footpoint can be shifted in lo-

UT (hhmm) cal time by one hour or more during times when FACs are
presentDonovan 1993. Here, the auroral display observed
by the ASI at Rankin Inlet indicates the presence of FACs,
which implies an uncertainty in the model results.

Factors that influence the footpoint shift are the intensity
and location of the FAC. A more intense FAC will give a
larger footpoint shift. The intensity of the FAC is unkown
in this event. The model developed Bonovan (1993
indicated that the footpoint shift should be the largest at
| Zgsml~3.5R g, corresponding to the boundary between Re-
gion 1 and Region 2 currentsijima and Potermal978.

The Themis E observation were madeZaispy~—3.7REg,
suggesting that the footpoint shift could be large. Precise es-
timates of the corrections to the two determined footpoints
can not be made due to the uncertanties in the characteristics
of the FACs.

Also, a one-to-one spatial correlation between PBIs and
fast flows is not expecte@.esta et al(2006 only found that
PBIs and fast flows occurred in the same local time sector.
For this event, where an isolated and localized activation can
be identified in the ground-based data, it is likely that the
Rankin Inlet and Themis E observations are related.

Fig. 8. Rankin Inlet all-sky images for the period 06:02:00—
06:03:30UT and a keogram for the period 05:55-06:10UT. The
contours in the images are invariant latitudes (70 arfg, 7nd in-
variant longitudes separated by°18r one hour of MLT. The two . .
vertical red lines in the keogram mark the times of the first and Iast4 Discussion
mage. Duskward electric fields, close to the edges of an Earthward
ion flow, were observed by Themis E together with Earth-
. . . ward Poynting flux. The electric fields, the ion flow and the
wind d.ata as mp_ut, has been qsgd also for this event. Thﬁ’oynting flux were all in a plane perpendicular to the mag-
result is 'shovv.n In Fig. .9’ and it is seen th.at the fOOIpOIntnetic field. The flow was associated with decreases in density
of The”.“s E is approximately 31 or 2.1h in MLT, gast and ion plasma beta. At the same time, auroral activity was
of R_f_;\nkm I_nlet. The clos_est ground-magn_etometer_ Is at theobserved by ground-based instruments not far (less than 2.1 h
Kuujjuarapik (KUUJ) station, vyhere th(_—:- signature is much MLT) from the suggested footpaint.
weakgr €40nT) than the Rankin Inlet S|gnature¥60 _nT). This electric field event shares similarities with both per-
For th|s_event, the three Interplanetary Magpeﬂc Field ‘.”mdpendicular auroral electric field observations closer to Earth
S.olar Wind momtgrs (ACE.’ WIND and Geota|l)'made quite and to BBFs. However, the ion flow observed by Themis E is
d|ffer_ent qbservatlons,_ which mean that there is a large ""{00 slow and has a too short duration to meet the criteria for
certainty in the model input. BBFs (Angelopoulos et al.1992 1994). Nonetheless, itis a

In longitude, the Tsyganenko T96 model footpoint is pyk flow of plasma, predominantly Earthward, perpendicu-
closer to Rankin Inlet than the MHD model footpoint. HOw- |5y to the magnetic field and associated with decreases in the
ever, in latitude, the MHD model gives a latitude that com- plasma density ang, variations in the magnetic field as well
pared to the Tsyganenko model is closer to Rankin Inlet (ses a dipolarization; characteristics in common with BBFs and
Fig. 9). This implies that the stretching of the magnetotail fjow bursts. Angelopoulos et al(1992 also state that the
may be better captured by the MHD model. 400 km/s threshold, used in their study, “does not represent a

Neither mapping techniqgue unambigously supports aphysically significant quantity”. The intensity of the electric
Themis E footpoint close to Rankin Inlet. Nonetheless, it canfield (6 mV/m) found at the boundary of the flow is, however,
be argued that the uncertanties in the magnetic field mappingimilar to the most intense peak Bf =—uv, x B; in the event
are sufficiently large for the actual footpoint to be closer to studied in detail byAngelopoulos et al(1992. In a BBF
Rankin Inlet. For the MHD simulation, the input data for this study bySctbdel et al.(2001), the event selection criterion
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Legend

+ 1 Rankin Inlet (RANK)
2 Fort Smith (FSMI)

+ 3 Gillam (GILL)

+ 4 Sanikiluag (SNKQ)
+5 Kapuskasing (KAPU)
¢ 6 Kuujjuag (KUUJ)

7 Chibougamau (CHBG)
+8 Goose Bay (GBAY)

=== AS| 110 km FoV
O TH-E GGCM FP
@® TH-E Tsyganenko FP

Fig. 9. Themis E footpoint obtained using the OpenGGCM MHD model (blue and purple dot) and the Tsyganenko T96 model (black and red
dot), together with the locations of some ground stations. The red and black circle marks the Rankin Inlet field-of-view at 110 km altitude.

was not a specific value of the flow speed but a threshold idund et al, 2004 Johansson et al2006. Alfvénic elec-
the flux transfer ratelv, x B,|=2mV/m. The reason given tric fields have also been associated with plasma boundaries
for using this criterion was that the ion velocity typically de- (Wygant et al, 2002.
creases towards Earth and, hence, the need for a distance in-The Cluster results include observations of auroral electric
dependent criterion. The slowing down was shown statisti-fjg|ds (both Alfvénic and quasi-static (e.gkarlsson et al.
cally by Ohtani et al(2004), who also found that the duration 2004), perpendicular to the magnetic field, at geocentric
of fast flows was shorter closer to Earth. A slowing down of yistances up to Rz (Johansson et al2005. This upper
the ion flow is observed in this event; Themis C observed ajmit was set by the orbit constraints of Cluster in relation to
Xesm=—16.4R a speed of 400 km/s, while Themis E ob- the guroral region and whether or not that also was a physi-
served alXgsm=—9.6 R a speed of 200 km/s. The electric ¢4 |imit could not be established. The event presented here
field peak value of 6 mV/m in this event meets the criterion might be an example of an auroral electric field extending
by Schbdel et al.(2001). far beyond that upper limit. The acceleration region, with
What makes this BBF-like event interesting is the clear, magnetic-field-aligned electric fields, is located much closer
intense electric field measurement perpendicular to the magto Earth; at altitudes of 5000-8000 km in the upward current
netic field. It is similar to perpendicular auroral electric field region (McFadden et a]1999.
structures observed by spacecraft such as Cluster, FAST and |t this perpendicular electric field is related to the perpen-
Polar, closer to Earth. At the same time, the electric field isgicyiar electric field in the auroral region, it would suggest
clearly related to the Earthward ion flow. The electric field that auroral electric fields are related to fast flows in the mag-
appears to be Alfenic @£ /d B~v,) and is associated With  petotajl. Such flows are relatively common. The observed
an Earthward Poynting flux. fast flow in this event is perpendicular to the magnetic field.

It has been shown that Alénic electric fields are impor-
tant contributors to the powering of the aurora and Aifv
waves can carry significant Poynting flux (eMyygant et al.
2002 Chaston et a]2003 Keiling et al, 2003 Mende et al.
2003 Schriver et al. 2003 Dombeck et al. 2005. The

Fast flows can be both parallel and perpendicular to the mag-
netic field Petrukoviclh et al.2001; Raj et al, 2002. Per-
pendicular flows are typically found in highplasma, while
parallel flows are found in lows plasma. Since the convec-
tive flows occur in the highg plasma sheetRetrukoviclh

quasi-static electric field structures observed by Cluster weret al, 2001, the mechanism generating the auroral electric

also associated with Earthward Poynting fluxes (dahans-

field should be found there as welHamrin et al.(2006

son et al.2004), although one event with Poynting flux away reported observations of generator regions near the bound-

from Earth has been reportddli€o et al, 2008. The Cluster
events were typically located at plasma boundaridark-
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ary of the plasma sheet. The observations presented here ap-
pear to link perpendicular electric fields to the region of the

Ann. Geophys., 27, T48%-2009



1498 T. Johansson et al.: Electric field associated with a BBF-like flow and PBls

generator mechanism and to the fast flows, which are proba- Topical Editor I. A. Daglis thanks K. A. Lynch and M. Foerster
bly generated by reconnectiodigroset et aJ 2000 tailward  for their help in evaluating this paper.
of Xgse<—17 Rg (Angelopoulos et al.1994).
If the negative bay observation at Rankin Inlet is inter-
preted as the signature of a substo_rm, it is a weak one anﬁl{eferences
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