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Abstract. Interball-1 observations of a substorm develop- Line (NENL) model (e.g. Baker et al., 1996), which pro-
ment in the mid-tail on 16 December 1998 are comparedvides an explanation for most of the substorm related meso-
with the auroral dynamics obtained from the Polar UV im- and large-scale phenomena. In particular, according to this
ager. Using these data, the relationship between plasma flomodel, the reconnection which occurs at the NENL produces
directions in the tail and the location of the auroral activation in the plasma sheet the tailward and earthward plasma flows
is examined. Main attention is given to tailward and earth-typically observed in situ during substorms and at times,
ward plasma flows, interpreted as signatures of a Near Earteimultaneously observed by radial-spaced spacecraft (e.g.
Neutral Line (NENL). It is unambiguously shown that in Petrukovich et al., 1998). The NENL appears at the sub-
the mid-plasma sheet the flows were directed tailward wherstorm onset (e.g. Nagai et al., 1998), and in the course of
the auroral bulge developed equatorward of the spacecrathe expansion phase, it shifts/reappears further down the tail
ionospheric footprint. On the contrary, when active auroras(Hones, 1979; Angelopolous et al., 1996). The fast tailward
moved poleward of the Interball-1 projection, earthward fastretreat of the NENL is associated with the poleward shift of
flow bursts were observed. This confirms the concept that theauroras forming the auroral bulge (Hones, 1992). Several
NENL (or flow reversal region) is the source of auroras form- authors suggest that the NENL is directly related to the pole-
ing the poleward edge of the auroral bulge. The observedvard edge of active auroras (e.g. Pudovkin et al., 1991).
earthward flow bursts have all typical signatures of Bursty Many past and recent studies indicated that in the mid-
Bulk Flows (BBFs), described by Angelopolous et al. (1992). tail, fast tailward flows occur at substorm onsets (e.g. Hones,
These BBFs are related to substorm activations starting at thg979; Nagai et al., 1998) in association with auroral bright-
poleward edge of the expanded auroral bulge. We interpregnings (e.g. leda et al., 2001).

the BBFs as a result of reconnection pulses occurring tail- - Angelopolous et al. (1992) described a phenomenon called
ward of Interball-1. In addltlor_1, some non-typically obsgrved Bursty Bulk Flows (BBFs) occurring in the central plasma
phenomena were detected in the plasma sheet during thignheet, and related to earthward plasma transport. It has been
substorm: (i) tailward/earthward flows were superlmposedsuggested (Henderson et al., 1998; Sergeev et al., 1999,
on a very strong duskward flow, and (i) wavy structures of 2000; Solovyev et al., 1999) that BBFs relate to the north-
both magnetic field and plasma density were registered. Thgouth auroral forms, which often occur within the auroral
latter observation is probably linked to the filamentary struc-pulge during expansion and recovery phases of substorm

ture of the current sheet. (e.g. Nakamura et al., 1993; Henderson et al., 1994). A close
Key words. Magnetospheric physics (aurora| phenomena;relationship between BBFS, north-south auroral structures
plasma sheet; storms and substorms) moving equatorward, and intensifications at the poleward

boundary of the auroral display has been demonstrated by
Zesta et al. (2000) from correlated observations in the mid-
tail and on the ground. Using the mid-tail plasma data and
simultaneous global auroral images, Nakamura et al. (2000)

Magnetospheric substorms represent one of the basic forméh,owed that flow bursts are closely associated with auroral

of interaction between the solar wind and magnetosphere, r_|ghten|ngs at the poleward edge of the a}uroral O.“f" and
and as such are intensively studied. It seems that the mo ith small substorm/pseudo-breakup activations. Fairfield et

fully developed model of substorm is the Near Earth Neutralal' (1999) have also demonstrated that fast earthward plasma
sheet flows detected at distancesl5 Rg are related to the

Correspondence tal.-A. Sauvaud (sauvaud@cestr.cnes.fr) appearance of the auroral expanding bulge.
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Fig. 1. (a) X-component of the ground magnetic field from Siberia @)drom Scandinavia for 15:00-19:00 UT on 16 December 1998.

Timing of the fast flows relative to substorm phase and to3 Ground observations

the location of auroral brightenings is essential in order to

test the different substorm models. In this study we will an- The event presented here follows an interval of relative quiet-

alyze the relationship between the flow direction in the tail ness. Near 16:00 UT, a negative bay of fi@omponent of

and the auroral dynamics during a moderate substorm thahe magnetic field was registered in the night sector, as ev-

occurred in the time interval 15:00-18:00 UT on 16 Decem-idenced from Fig. 1a, which displays magnetograms from

ber 1998. The results will be interpreted on the basis of theChokurdakh, Dixon and Heiss Island. Chokurdakh was lo-

NENL model. cated at magnetic midnight, while Dixon and Bear Island
were located in the evening sector. There was a continuous
Pi2-like pulsation activity registered in the night and evening
sectors (Yakutsk, Irkutsk, Lovozero, Sodankyla). The sub-

2 Data sources storm onset at-16:00 UT was associated with a the sharp
increase in the pulsation amplitude (data not shown). Until

For this study we used the plasma and magnetic field mea-~ 16:30 UT, magnetic pays were not.observed n the evening
ector, but after that time, a negative excursion of Xhe

surements taken on board the Interball-1 satellite located at tofth tic field istered in the stati
mid-tail at Xgsm = —24.8Rg. Ygem = 107 R, Zgsm = component of the magnetic field was registered in the stations

—34Rp. Images from the Polar UVI instrument provided located at the highest latitude part of the IMAGE network,

the auroral dynamics. In order to achieve a better time res?t ~19:50-20:00MLT (Fig. 1b). Thus, after 16:30 UT,

olution (~ 1—2 min), the images in both LBHL and LBHS the substorm developed at high latitudes in the evening sec-

spectral lines were used. Magnetometer data from severépr' The disturbance ended t18:00 UT; this is also con-

ground stations in Siberia, Kola Peninsula, and Scandinavi |rmgd by the AE-|_ndex obtaln_eq from \.NDC'CZ.'” Kyoto
were also used for this substorm analysis. http://swdcdb.kugi.kyoto-u.ac.jp:80/aedir/ael/quick.html).

Interplanetary conditions were monitored by the WIND
spacecraft located close to the EartiXgém = 9 R, Ygsm= 4 Interball-1 data
—33Rg, andZgsm = 22Rg. WIND data indicate that the
substorm event discussed here was initiated by a southwarBuring the substorm, Interball-1 was located most of the time
turning of the IMF. The solar wind dynamic pressure re- in the plasma sheet. According to the magnetic field model
mained stable and equal to 1.0-1.5nPa, during the everaf Tsyganenko (T89), its ionospheric footprint was within
(data not shown). MLT = 21.3 — 21.9h and CGML= 70.1 — 72.4° (for a K,



N. L. Borodkova et al.: Plasma sheet fast flows and auroral dynamics during substorm 343

o
I
|

Bxgse,nT
o
E

L
o
I

i IR
A T ]

Bygsm,nT

| N |
S oo 5
é ‘
£

=

§>

7

=

;

|
N
o

Bzgsm,nT
o wu
I
;
E
>

L 500~ [L (q =
€ 0 N N ﬂ n |
X U~y L\J N RV AT T Wl T LL\,/JJ

=500  ABC y

ol M
O - m\j meufﬁﬂﬂ * 1 Fig. 2. Interball-1 data for the time

interval 15:00-19:00 UT. From top to
bottom: energy-time spectrogram of

500~ - the tailward directed electrons (energy

oladlo AN 0 ”UMUMH ﬂﬂwﬂw . i fluxes are color-coded), magnetic field
) [ el . °d)

-500 . magnitude, magnetic field and plasma

Vzgsm,km/s Vygsm,km/s

velocity components in the GSM sys-

15:00 15140 | 1620  17:00 | 17:40 | 1820  19:00 UT S

247 048 949 Xgsm tem. Labels A, B, and C_lndlcate pursty
10.5 10.7 10.9 Ygsm bulk flow (BBF) events discussed in the
-3.6 -3.5 -3.4 Zgsm text

parameter of 7 and 1, respectively). Figure 2 presents a suriptically polarized. The field enhancements and decreases
mary of the Interball-1 observations: energy-time spectro-correlate with decreases and increases in the electron den-
gram for tailward directed electrons; magnetic field magni- sity, respectively. Minimum variance analysis shows that the
tude B; magnetic field componeniy, By, andBz; plasma  wave normal vector lies approximately in the— Y plane
velocity component¥’y, Vy, andVy. (X = -0.77,Y = +0.63, Z = +0.09). One can interpret

Plasma data exhibits an unusual feature during the evenf® Waves as signaling current sheet filamentary structures
a large flow directed duskward (up to 1000 km/s). A diver- MOVing across the satellite location.

gence of the earthward plasma convection toward flanks of A¢ 15.08 UT (when active auroras approached the longi-
the magnetosphere was already reported (e.9. Sergeev ajglye of the spacecraft footprint), Interball-1 started to reg-
Lennartson, 1988). The observation of duskward flow iSigter tajlward plasma flows (Figs. 2 and 4). These bursty
likely to be related to the location of the spacecraft in the 5i\yard flows were detected until 16:24 UT when the space-
dusk magnetotail. However, the origin of such alafgeis  r4tt entered the tail lobe. Afterwards and until 16:44 UT,
unclear. the satellite was located in the southern tail lobe; therefore,
Another remarkable feature is the wavy structure of thethere was no possibility to measure the plasma sheet flow di-
magnetic field and plasma density seen during some subrection. Following the plasma sheet expansion, at least three
storm activations. Figure 3a shows the Interball-1 data forfast earthward plasma flows were detected. The flows were
the interval 16:11-16:15 UT. Clear, quasi-sinusoidal oscilla-short-lived, and every one of them corresponded to an im-
tions (with a period varying from 10 to 25s) are seen in thepulsive enhancement of thg, component of the magnetic
magnetic field components and modulus. The signal is elfield (dipolarization). Thus, the flows exhibit the typical sig-
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1600:42 1606:50 _1609:54 1612:58 1619:06 1622:10 1625:14 1628:18

Fig. 4. A sequence of Polar UVI images recorded on 16 December 1998 between 16:00:42 and 17:35:46 UT. Only every third image is
displayed. The projection of the Interball-1 satellite at ionospheric altitude as computed from T89 is indicated by a white cross in each panel.

natures of BBFs (Angelopoulos et al., 1992). The magnetictivity shifted to the evening sector, and reached the meridian
structure of the BBF registered at16:58 UT (event A) and  of the spacecraft. This is also confirmed by the magnetome-
the associated anisotropy in energetic (21-28 keV) ion fluxeger data from the IMAGE network which started to register
streaming earthward and tailward are illustrated in Fig. 3b. a westward electrojet at 16:25UT, i.e. at MLT= 195

(Fig. 1b). As described in the preceding section, the satel-

lite was out of the plasma sheet from 16:24 to 16:44 UT.
5 Relation between tail dynamics and auroral activa-  The plasma sheet thinning (16:22 UT) coincided with a new

tions activation of auroras, which first occupied the footprint of

Interball-1 and then moved further poleward. After the
Figure 4 presents a sequence of Polar UVI images in a CGL-Plasma sheet expansion, BBF-like earthward plasma flows
MLT frame. The Sun is on the right side of this figure. The Started around 16:58 UT (event A in Fig. 2, see also Fig. 3b).
first image at 16:00:42 UT is taken soon after the substormn Fig. 4, this time corresponds to the brightening of an auro-
onset in the midnight sector. At that time, the Interball- ral arc located well poleward of the Interball-1 footprint (at
1 ionospheric footprint was located poleward and slightly CGL ~ 75°). The arc was forming the poleward edge of the
westward of the active aurora. Interball-1 detected tailward@uroral display. A new auroral activation occurred poleward
flowing plasma from 16:02 to 16:24 UT (lobe exit); dur- Of the spacecraft footprint at 17:14:18 UT. Again, it corre-
ing this time interval active auroras were located southwardsPonded to a fast flow burst seen in the Interball-1 data (event
of the satellite footprint. The image at 16:12:58 UT corre- B in Fig. 2). The last, very short flow burst-(17:30 UT,
sponds to the time when the wave structure was detected igvent C) can also be associated with the reappearance of an
the plasma sheet. After 16:22—16:25 UT, the main auroral acarc poleward the Interball-1 footprint, although this arc was
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