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Abstract. On 14 August 2004 a large-scale magnetic struc-can now be tested with observations. This 3-D view has
ture was observed by Double Star TC-1 in the southern lobeshown us the details of the so-called flapping motion of the
and by Cluster in the northern lobe of the magnetotail. Thecurrent sheet3ergeev et al2003 2004 Zhang et al.2002
structure has the signature of a (localized) dipolarization, de2005, kink mode oscillations\{olwerk et al, 20033, and
creasingBy accompanied by an increasimiy and a strong  other processes that re-arrange the magnetic field in the mag-
earthward flow. The propagation direction of this structure, netotail, like dipolarization{lakamura et al 2002 or recon-
however, seems to be more in the dawnward direction thamection Runov et al, 2003 Volwerk et al, 2004 Oieroset
earthward. The structure is accompanied by ULF waves withet al, 200J). Also the structure of the current sheBufov

a period of~5min, which are simultaneously observed by et al, 2003 2004 2005 and of the plasma flowdNakamura

the ground magnetometer station DIK, at the magnetic foot-et al, 2002 2004 has been studied.

pqints of the spacecraft. We interprete thes_e waves as modes \yith the launch of the Double Star (TC) spacecraft an ex-
driven by the plasma flow and propagating in the flow chan-(, «gimension” has been added to the investigation of the

nel. magnetotail. TC-1 has an equatorial orbit with an apogee
Keywords. Magnetopheric physics (Magnetotail, MHD of approximately 1®g. This way, during conjunctions
waves and instabilities, Plasma sheet) of Cluster and TC-1, one can obtain simultaneous data for
points separated by3—6 Rg. In this way more informa-
tion is obtained about, e.g., the propagation of dipolarization
fronts (Nakamura et al., 2005) and the radial extension of the
flapping motion (Zhang et al., 2005). Indeed, with this extra
. ) scale of~3—6 Rg the wave propagation and/or mode con-
The Cluster mission was developed to obtain a threey,qqion in the tail can be studied and compared with theory
dimensional view of the Earth’s magnetosphere at dlfferentand numerical models.
scales (varying from 500 km separation in 2003 to 4000 km ) ]

in 2002). In the study of the dynamics of the Earth’s magne- ' this paper we discuss an event on 14 August 2004 when
totail, this mission has provided us with a detailed view of the the Cluster spacecraft and TC-1 were located in the post-
processes taking place at radial distances-d® Rg. Pro- m|gln|ght region of the magnetotail, with thel_r magnetic foot-
cesses that have been studied experimentally in the magn@9ints close together near the ground station Dikson (DIK)
totail, like compressional wave€hen and Kivelson1991 in Russia. Both.TC-l and Cluster enter the magnetotail
Bauer et al. 1995ab) and bursty bulk flowsAngelopoulos plasma shegt during an _earthV\_/ard flow, alt_)e|t that TC-1 en-
et al, 1992 1994, are subject to a multipoint analysis now, ters approximately 29 min earlier. Interestingly, bo.th .TC-l
which has been shown to be very fruitf@iou et al, 1997. ~ and Cluster, although separated bg 3 observed similar
Similarly, the theoretical and numerical studies of waves inULF waves during this event. In the following sections, we

the magnetotail Rruit et al, 2002ab; Louarn et al, 2004, will discuss the ma_gn_etometer _data in detail in S2cnd
perform wave and timing analysis on the observed structures

Correspondence tavl. Volwerk in Sect.3. In the Sect4 we will come to an interpretation of
(martin.volwerk@assoc.oeaw.ac.at) the data presented in this paper.

1 Introduction
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Fig. 1. Top panels: The location of Cluster (black, red, green and blue) and TC-1 (magenta) in GSM coordinates-ipliee (left) and
the xz-plane (right). Bottom panels: The relative locations of the 4 Cluster spacecraft in GSM coordinates with the usual colouwss in the
plane (left) and thez-plane (right).

2 Cluster and Double Star data aligned by shifting TC-1 by~29 min. To clarify the corre-
spondence between the observations of TC-1 and Cluster we

Between 19:00 and 21:00 UT on 14 August 2004, the Clus-have added a gray line, representing the TC-1 data shifted

ter spacecraft were located in the northern lobe of the Earth'dy 29 min, and forByx and By the sign has been reversed, in

magnetotail. TC-1 was located in the southern lobe of theorder to compensate for the different hemispheres where the

magnetotail. All spacecraft were at approximately the samespacecraft are located.

yesM~—6 Rg with TC-1 atxgsm~—11Rg and Cluster at

YosMA—14Ry. Note that although TC-1 is absw~2 Re There is a surprisingly good match between the two data

and Cluster moves fromssy~5.2 10 2aew3.0 R over the sets,_ both sets show thg dlpplarlzatlon—hke structure over ap-
proximately the same time interval, and both show the low

event, i.e. both at positivessy, they are situated in different A - . .
hemispheres of the magnetotail. The location of the Spacefrequency oscillations of the magnetic field with a period of

craft is shown in Figl. In the same figure the configuration nearly 5 min (these W'.” be discussed in Sejt. However,

of the Cluster spacecraft is shown in GSM coordinates there are differences in the two data sets from Cluster and
We show the magnetic field data from Clustaa(og.h TC-1. First, in By one sees that for TC-1 this field com-

etal, 2001 and TC-1 (Carr et al., 2005) in Figgand3. We ponent decreases from approximately —18 nT to -8 nT, and

shov:/ the low-pass filtered daté’ (for periods 1 5miﬁ) o does not return to its pre-event value, and thus the spacecraft

T remains in the plasma sheet. For Cluster one sees that the
clearly show the low frequency oscillation in the data. In the o : ;
.x-component of the magnetic field first returns again to al-

different panels, the Cluster spacecraft are labeled with theit ost pre-event values after 1 h, i.e. Cluster enters the plasma
usual colours (black, red, green and blue), whereas the TC—Sheet and then exits again Tﬁégldecreases again, most
data are plotted in a solid line, in magenta. The data show ' . '
magnetic structure passing by TC-1, starting-49:15 UT, ?ikel_y as a result of Clusf[er nearing the neutrall sheet and
with the signature of a dipolarizing fiéld or plasma shee,t ex-mOtlon of the magnetotail. Another difference is that the
dipolarization-like sturcture in Cluster is accompanied by a

pansion region, i.e. a decreaseBp combined with an in- atrongBy signature ( B,~10 nT), whereas TC-1 has no sig-
crease inB;. The spacecraft thus enters the plasma sheet ang... .
nificant By signature.

remains there. Similarly, the Cluster spacecraft see a mag-
netic structure with the signature of a dipolarization starting The magnetospheric activity level is very low, the AE in-
~20:00 UT. Note that for Cluster, this structure has a sig-dex (not shown) only shows a slight increase over the in-
nificant By component, which is often associated with the terval observed, from-100 to ~250. High latitude mag-
presence of field-aligned currents. This structure in Clustemetometer stations may be better indicators for the magne-
is also reminiscent of the current sheet flapping structuregospheric activity seen by TC-1 and Cluster. We show the
discussed bySergeev et al(2003 2004. Visual inspec- data from ground stations near the footpoints of Cluster and
tion shows that the data from TC-1 and Cluster can be wellTC-1 in Fig.4. In the top panel we show th&, components
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Fig. 2. The low-pass filteredr(=1.5 min) magnetic field dataBx and By, for Cluster (usual colours) and TC-1 (solid magenta line). The

gray line shows the TC-1 data shifted by 29 min and sign-reversed to compensate for the opposite hemispheres.
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Fig. 3. The low-pass filteredr(=1.5 min) magnetic field dataB; and Bm, for Cluster (usual colours) and TC-1 (solid magenta line). The

gray line shows the TC-1 data shifted by 29 min.

of the Russian AARI (Arctic and Antarctic Research Insti- the TC-1 CIS data (Bme et al.,, 2005) we find that for

the event at~19:30 UT there is a less strong earthward
and CGM Lon. 15%°, red line) and Cape Chelyuskin (CCS, flow, vx~300km/s (data not shown in this paper, summary

plots available at the DSDSwéittp://edds02.iwf.oeaw.ac.at/

tute) magnetometer station Dikson (DIK, CGM Lat..&8

CGM Lat. 716° and CGM Lon. 17%3°, black line), and in

the bottom panel thBz components. It is clear that there isa dsdsweb). This flow is maintained until after 20:00 UT.

strong current system between these two stations, with DIK
showing a negative and CCS showing a strong positive bay.

During the event at-20:00 UT, the CIS instrument on
board Cluster Reme et al. 2001) shows a strong earth-

Wave analysis

From a visual inspection one can see that the oscillations in
ward flow, vy~600 km/s (data not shown in this paper). In By, observed between 19:30 and 20:00 UT by TC-1, agree
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Fig. 4. The By and Bz components measured by DIK (red) and CCS (black) of the AARI magnetometers. A negativeBpgynith large
oscillations, starts almost simultaneously with the dipolarization observed by TC-1, which has its magnetic footpoint near DIK; CCS shows
no such oscillations. Th8z component shows a negative bay in DIK, however, a strong positive bay in CCS.

very well with those seen by Cluster 29 min later, albeit notin TC-1 are also present in both the H and E components, i.e. in
amplitude. We investigate the waves using spectral analysign elliptical polarization.

of the non-filtered data, and use a timing methblcr{zey, This means that we may be seeing a large-scale oscilla-
1998 on the Cluster data to obtain the propagation directiontion in the Pc5 range (2—7 mHz). However, these waves are
of the waves. first present when the magnetic structure is near the space-

craft, and the earthward flow is present. This might indicate

that the flow is driving these oscillations (see, gumjo-

hann and Glassmeiet984 for a similar event involving Pi2
dwaves). We will discuss this further in Sedt.

3.1 Spectral analysis

We perform spectral analysis on the mean field-aligne
(MFA) magnetic field data from Cluster (sampled at 2Hz) 3 » Timing analysis
and from TC-1 (sampled every 4s). The mean magnetic
field is obtained by a low-pass Butterworth filter and the datae use a timing method on the Cluster data (see, Hag-
are transformed into compressional, left-handed and rightvey, 1998 Volwerk et al, 20033, where we make a cross-
handed polarized components. The spectra are averaged ovgbrrelation of ther-component of the magnetic field data to
7 harmonics. The analysis of the data sets shows that inpptain the lag times between the spacecraft. We have timed
deed the same oscillations appear in the data sets (S€®) Fig. the Cluster data for the ULF waves in the interval 20:06—
There is a broad peak in the Cluster compressional spectrumo: 18 UT, when the Cluster spacecraft enter the plasma sheet
at f~2mHz, corresponding to periods of 500s or 8.3 min. and observe the fast earthward flow#600 km/s). For the
More interesting, however, are the already mentioned IOWULF waves seen iBy we find the fo”owing propagation ve-
frequency waves near the 5-min period. The vertical dasheqjociw; v=(—84, 194, —4) km/s. This means that the waves
lines in Fig.5 shows the location of the 5-min waves, i.e. are moving mainly towards midnight, and tailward. This is
f~33mHz. In the Cluster spectra these waves show up inthe wave velocity in the Cluster rest frame; to obtain the wave
both the left- and right-handed components at equal powelye|ocity in the plasma rest frame, we will have to add the
indicating that the waves are |ineal’|y polarized. In the TC-1 p|asma flow Ve|ocity’ which would result in the waves trav-
spectra, h_owever, we find that these waves are present in thg”ng tailward with a velocityvy wavex684 km/s. Assum-
compressional component. ing a density of~0.1cm 3 and a magnetic field strength
Almost simultaneously, with the large oscillations seen inof ~10nT we obtain an Alfen velocity ofva~700km/s,
TC-1, starting at~19:30 UT, there are large oscillations in which means that these linearly polarized waves are travel-
the By component of the ground station DIK. Although the ling with the Alfvén velocity.
sampling rate is rather low (1 min), the peaks are well de- To obtain the velocity of the low frequency magnetic struc-
fined by 5 data points per peak, indicating a period of aroundure (the spacecraft moving from the lobes into the plasma
5min. Indeed, in the DIK spectra the waves observed bysheet), we perform a timing analysis on low-pass filtered data
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between 19:54 and 20:06 UT, determining the passage of .
Bx=Bg for 15<By<22nT in steps of 1 nT. The determina-
tion of the velocity is very stable, giving a mean value of
v~2(0.8, —6.6, —0.2) km/s. This is a much smaller veloc-
ity (by an order of magnitude) than similar events found by
Sergeev et ali2004), which were determined to be magne-
totail flapping. Interestingly, we find that the structure itself
is moving away from midnight, as also shown Bgrgeev

et al.(2009 for flapping motions, whereas the low frequency
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waves are moving towards midnight. ' F
In comparison, we can determine the velocity of the struc-
ture moving from TC-1 located at(11.8, —5.4, 1.5) Rg 0}

to Cluster located at12.9, —6.1, 6.8) Rg, under the as-
sumption that the dipolar field region, or the plasma sheet

expansion, is moving from TC-1 to Cluster. The signal o Freq (H2)
is observed at Cluster 29 min later than at TC-1, which
means it would travel in thay-plane with a velocity of
Vyy~(—4, —2.6) km/s; the structure moves down the tail, ex-
panding the low magnetic field region in the centre of the 0 F
tail. Apparently, either there are spatial variations in the
large structure which cause the timing analysis on the Clus- | /,//Q’)\/
ter data show a slow positivg, or our assumption that the
structure is moving from TC-1 to Cluster is wrong. We will
discuss this in Sec#d. Nakamura et al(2002 found that

a 2000-km thick dipolarization front moved over Cluster in
an earthward-dawnward direction with a velocity of 77 km/s;
these kind of structures move much faster than what is ob- 7
served in this paper. The plasma flow was directed almost ¢
parallel to the dipolarization front. Apart from the absolute
velocity, the eventin this paper shows similarities inthe prop- - = e L
agation direction of the dipolarization front with tiNaka- Frea )
mura et al(2002 event.
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4 Discussion

We have studied the magnetic structure observed both by TC-
1 and Cluster, under the assumption that this structure was a
dipolarized field region moving past the spacecraft. It con-
sists of a decrease in thecomponent of the magnetic field,
combined with an increase in thecomponent and an earth-
ward plasma flow. In the Cluster data there is also a consid-
erabley-component to the structure moving past the space-
craft. It may be due to a temporal/localized expanded plasma
sheet structure.

The flapping motion of the current sheet, as discussed by %= o = s
Sergeev et al(2004 and Zhang et al. (2005), which tends Frea- ()
to move mainly in they-direction, could be related to the
structure observed by TC-1 and Cluster. Minimum varlanceFig_ 5. Power spectra for Cluster, TC-1 and DIK for the interval

analysis of the structure passing by TC-1 shows that the di19.00-21:00 UT. For C1 and TC-1 the spectra are shown in a MFA
rection with minimum eigen value is (0.1, 0.6, —0.8). This coordinate system with compressional, left- and right-handed polar-
indicates a motion in thez-direction. Therefore, the struc- ized waves. The DIK spectra are from the H, E and Z components
ture observed is more like a flapping of the current sheetpf the ground magnetic field. Note that theaxis for DIK is dif-
although the average plasma flow for these cases is mucferent from the other two. The vertical dashed line indicates the
smaller than observed in this paper, and the propagation veocation for 5-min waves af~3.3 mHz.

locity of the structure in this paper is almost an order of mag-

nitude smaller than iSergeev et a(2004).

Power (nTlez)
=
15}
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Z Volwerk et al. [2003] assumed
______ _<‘I_E\ — — .| z>4000km
Flow Nakamura et al. [2004] showed
TCI z=15-2Rg
X

Fig. 6. Schematic view of the spacecraft entering the plasma sheet flow channel. TC-1, remaining on near geggtahserves the
creation of the flow channel and remains in this channel. The low velocity flow is maintained until after 20:00 UT. Twenty-nine min later,
Cluster has moved inggp and enters the flow channel, observing that the magnetic field “dipolarizes” and the plasma flow.

There is, however, an alternative interpretation of the ob-also observed by the ground stations, possibly indicating a
served structure, which avoids the mismatch in velocities.central source of the waves. Also, TC-1 shows the waves as
Nakamura et al2004) has shown that the plasma flow chan- compressional, which means that between TC-1 and Cluster
nel in the magnetotail is of limited size, i.e:3Rg in the  there has to be a mode conversion. Similarly, these waves
y-direction and~2 Rg in the z-direction. Indeed, the ver- have an elliptical polarization on the ground. DIK shows a
tical separation between TC-1 and Cluster is at “onset TCpeak in the spectra of both the H and E components. Further
1" ~3 Rg. TC-1 observes earthward flow aB800km/s and  investigation of the wave characteristics, mode conversion
thereby the creation of a flow channel, whereas Cluster oband generation for this event is underway.
serves an unperturbed lobe field. After 29 min, when TC-1 ) ]
still observes the low velocity plasma flow, the Cluster Space_Acknow!ngementsThe authors would like to thank O. Troshichev
craft have moved approximately G&% in zgsy. This will for providing the AARI magnetometer data. We thank the DS-

DSweb for making the TC summary plots available. The work
move Cluster to the boundary of the flow channel already Ob'by M. Volwerk and K.-H. Glassmeier was financially supported by

served by TC-1. Here we have to assume that TC-1, whiche German BundesministeriurirfBildung und Forschung and the

basically dO?S not move in, was located inside the flow  zentrum fir Luft- und Raumfahrt under contracts 50 OC 0104 and
channel region already before the flow started. Thus, theso OC 0105, respectively.

structure observed by Cluster is the entry of the spacecraft Topical Editor T. Pulkkinen thanks two referees for their help in
into the flow channel, which also explains the slow motion evaluating this paper.

of, what we called before, the “local dipolarization” or “flap-
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By into B,. The difference in flow velocity between TC-1 References

a“‘?‘ Cluster,~300 ar?dNGOO km/s, respectivgly, i,S then ex- Angelopoulos, V., Baumjohann, W., Kennel, C. F., Coroniti, R. V.,
plained by flow braking, where the assumption is made that ' kjelson, M. G., Pellat, R., Walker, R. J.,iibr, H., and
the plasma flow channel can exist for as long as half an hour, paschman, G.: Bursty bulk flows in the inner central plasma
which is shown from the TC-1 CIS data to be the case. The sheet, J. Geophys. Res., 97, 4027-4039, 1992.

flow velocities measured are, in general, in good agreemeningelopoulos, V., Kennel, C. F., Coroniti, F. V., Pellat, R., Kivel-

with those measured in flow channels by, for examytd; son, M. G., Walker, R. J., Russell, C. T., Baumjohann, W., Feld-

werk et al.(2003h andNakamura et ak2004). A schematic man, W. C., and Gosling, J. T.: Statistical characteristics of

view of this process is shown in Fif. bursty bulk flow events, J. Geophys. Res., 99, 21257-21 280,
1994.

The ULF waves in the PC5 range, observed by both TC-Balogh, A., Carr, C. M., Aciia, M. H., Dunlop, M. W., Beek, T. J.,
1 and Cluster, are mainly present during the passage of the Brown, P., Fornacon, K.-H., Georgescu, E., Glassmeier, K.-H.,
magnetic structure, during the earthward plasma flow. As Haris, J., Musmann, G., Oddy, T., and Schwingenschuh, K.: The
the ULF waves are mainly located around the front, which Cluster magnetic field investigation: Overview of inflight perfo-
. ' mance and initial results, Ann. Geophys., 19, 1207-1217, 2001,
. 9 y y 9 Bauer, T. M., Baumjohann, W., and Treumann, R. A.: Neutral sheet
ity on that boundary (see, e.glolter et al, 1995 Volwerk

) oscillations at substorm onset, J. Geophys. Res., 100, 23737
et al, 2003h. The waves may be eigen modes of the flow  >3743 19954,

channel. The propagation direction measured by Cluster igauer, T. M., Baumjohann, W., Treumann, R. A., Sckopke, N., and
tailward, with a velocity near the local Alén velocity, and Lihr, H.: Low-frequency waves in the near-Earth plasma sheet,
the waves are linearly polarized. In contrast, the waves are J. Geophys. Res., 100, 9605-9617, 1995b.


http://direct.sref.org/1432-0576/ag/2001-19-1207

M. Volwerk et al.: Cluster—Double Star observations 2935

Baumjohann, W. and Glassmeier, K.-H.: The transient response SRef-ID: 1432-0576/ag/2001-19-1303
mechanism and pi2 pulsations at substorm onset-review and outReéme, H., Dandouras, |., Aoustin, C., Bosqued, J. M., Sauvaud, J.
look, Planet. Space Sci., 11, 1361-1370, 1984. A., Cao, J. B., Shi, J., Pu, Z., Bavassano-Cattaneo, M. B., Parks,

Carr, C., Brown, P, Zhang, T. L., Gloag, J., Horbury, T., Lucek, E., G. K., Carlson, C. W., Klecker, B., Moebius, E., Kistler, L., Ko-
Magnes, W., O'Brien, H., Oddy, T., Auster, U., Austin, P., Ay- rth, A., Lundin, R., Escoubet P., and the HIA team: The HIA
dogar, O., Balogh, A., Baumjohann, W., Beck, T., Eichelberger, instrument on the Tan Ce 1 Double Star near-equatorial space-
H., Fornacon, K.-H., Georgescu, E., Glassmeier, K.-H., Ludlam, craft and its first results, Ann. Geophys., 23, 2757-2774, 2005.
M., Nakamura, R., and Richter, I.: The Double Star magnetic Runov, A., Nakamura, R., Baumjohann, W., Treumann, R. A.,
field investigation: instrument design, performance and high- Zhang, T. L., Volwerk, M., \bros, Z., Balogh, A., Glassmeier,
lights of the first year’s observation, Ann. Geophys., 23, 2713— K.-H., Klecker, B., Rme, H., and Kistler, L.: Current sheet
2732, 2005. structure near magnetic X-line observed by Cluster, Geophys.

Chen, S.-H. and Kivelson, M. G.: On ultralow frequency waves Res. Lett., 30, 1579, doi:10.1029/2002GL016730, 2003.
in the lobes of the Earth’s magnetotail, J. Geophys. Res., 96Runov, A., Sergeev, V., Nakamura, R., Baumjohann, Vérog, Z.,
15711-15723, 1991. Volwerk, M., Asano, A., Klecker, B., Bme, H., and Balogh, A.:

Fruit, G., Louarn, P., Tur, A, and @au, D. L.. On the Properties of a bifurcated current sheet observed on 29 August
propagation of magnetohydrodynamic perturbations in a harris- 2001, Ann. Geophys., 22, 2535-2540, 2004,
type current sheet: 1. propagation on discrete modes and SRef-ID: 1432-0576/ag/2004-22-2535
signal reconstruction, J. Geophys. Res., 107(Al1l), 1411 Runov, A., Sergeev, V. A., Nakamura, R., Baumjohann, W., Zhang,
doi:10.1029/2001JA009212, 2002a. T. L., Asano, Y., Volwerk, M., \bros, Z., Balogh, A., and &ne,

Fruit, G., Louarn, P., Tur, A., and @au, D. L.. On the prop- H.: Reconstruction of the magnetotail current sheet structure us-
agation of magnetohydrodynamic perturbations in a Harris- ing multi-point Cluster measurements, Planet. Space Sci., 53,
type current sheet: 2. propagation on continuous modes 237-243, 2005.
and resonant absorption, J. Geophys. Res., 107(Al11), 1412Sergeev, V., Runov, A., Baumjohann, W., Nakamura, R., Zhang,
doi:10.1029/2001JA009215, 2002b. T. L., Volwerk, M., Balogh, A., Rme, H., Sauvaud, J.-A.,

Harvey, C. C., Spatial gradients and volumetric tensor, in Analysis André, M., and Klecker, B.: Current sheet flapping motion and
Methods for Multi-Spacecraft Data, edited by: Paschmann, G. structure observed by Cluster, Geophys. Res. Lett., 30, 1327,
and Daly, P., 307-322, ESA, Noordwijk, 1998. doi:10.1029/2002GL016500, 2003.

Holter, @., Altman, C., Roux, A., Perraut, S., Pedersen, Acseli, Sergeev, V., Runov, A., Baumjohann, W., Nakamura, R., Zhang,
H., Lybekk, B., Trulsen, J., Korth, A., and Kremser, G.: Charac- T.L., Balogh, A., Louarn, P., Sauvaud, J.-A., angéhfe, H.: Ori-
terization of low frequency oscillations at substorm breakup, J.  entation and propagation of current sheet oscillations, Geophys.
Geophys. Res., 100, 19109-19119, 1995. Res. Lett., 31, L05807, doi:10.1029/2003GL019346, 2004.

Louarn, P., Fruit, G., Budnik, E., Sauvaud, J.-A., Jacquey, C.,\olwerk, M., Glassmeier, K.-H., Runov, A., Baumjohann, W.,
Quéau, D. L., me, H., Lucek, E., Balogh, A., et al.. On the Nakamura, R., Zhang, T. L., Klecker, B., Balogh, A., anghfe,
propagation of low frequency fluctuations in the plasmasheet: H.: Kink mode oscillation of the current sheet, Geophys. Res.
1. CLUSTER observations and magnetohydrodynamic analy- Lett., 30, 1320, doi:10.1029/2002GL016467, 2003a.
sis, J. Geophys. Res., 109, A03 216, doi:10.1029/2003JA010228yolwerk, M., Nakamura, R., Baumjohann, W., Treumann, R. A.,
2004. Runov, A., \bros, Z., Zhang, T. L., Asano, Y., Klecker, B.,

Nakamura, R., Baumjohann, W., Klecker, B., Bogdanova, Y., Richter, ., Balogh, A., and &ne, H.: A statistical study of com-
Balogh, A., RRme, H., Bosqued, J. M., Dandouras, |., Sauvaud, pressional waves in the tail current sheet, J. Geophys. Res., 108,
J.-A., Glassmeier, K.-H., Kistler, L., Mouikis, C., Zhang, T. L., 1429, d0i:10.1029/2003JA010155, 2003b.

Eichelberger, H., and Runov, A.: Motion of the dipolarization Volwerk, M., Glassmeier, K.-H., Runov, A., Nakamura, R.,

front during a flow burst event observed by Cluster, Geophys. Baumjohann, W., Klecker, B., Richter, |, Balogh, A.,
Res. Lett., 29, 1942, d0i:10.1029/2002GL015763, 2002. Réme, H., and Yumoto, K.: Flow burst induced large scale

Nakamura, R., Baumjohann, W., Mouikis, C., Kistler, L. M., Runov,  plasma sheet oscillation, J. Geophys. Res., 109, Al11208,
A., Volwerk, M., Asano, Y., \bros, Z., Zhang, T. L., Klecker, B., doi:10.1029/2004JA010533, 2004.

Reme, H., and Balogh, A.: Spatial scale of high-speed flows inZhang, T. L., Baumjohann, W., Nakamura, R., Balogh,
the plasma sheet observed by Cluster, Geophys. Res. Lett., 31, A., and Glassmeier, K.-H.: A wavy twisted neutral

L09 894, doi:10.1029/2004GL019558, 2004. sheet observed by Cluster, Geophys. Res. Lett, 29, 1899,
Nakamura, R., Baumjohann, W., Zhang, T. L., Carr, C. M., Balogh, d0i:10.1029/2002GL015544, 2002.
A., Fornacon, K.-H., Georgescu, E.gRe, Dandouras, H. I., Zhang, T. L., Baumjohann, W., Nakamura, R., Volwerk, M., Runov,

Takada, T., Volwerk, M., Asano, Y., Runov, A,, Eichelberger, H.,  A., Voros, Z., Glassmeier, K.-H., and Balogh, A.: Neutral sheet
Klecker, B., Mouikis, C., Kistler, L. M., and Amm, O.: Cluster normal direction determination, Adv. Space Res., 99, in press,
and Double Star observations of dipolarization, Ann. Geophys., 2005.
23, 2915-2920, 2005. Zhang, T. L., Nakamura, R., Volwerk, M., Runov, A., Baumjohann,
Oieroset, M., Phan, T. D., Fujimoto, M., Lin, R. P., and Lepping, = W., Eichelberger, H. U., Carr, C., Balogh, A., Sergeev, V., Shi,
R. P.: In situ detection of collisionless reconnection in the Earth’s  J. K., and Fornagon, K.-H.: Double Star/Cluster observations of
magnetotail, Nature, 412, 414-417, 2001. neutral sheet oscillations on 5 August 2004, Ann. Geophys., 23,
Réme, H., Aostin, C., Bosqued, J. M., Danduras, |., Lavraud, B., 2909-2914, 2005.
Sauvaud, J.-A., Barthe, A., Bouyssou, J., Camus, T., Coeur-JolyZhou, X.-Y., Russell, C. T., Gosling, J. T., and Mitchell, D. G.:
0., etal.: First multispacecraft ion measurements in and near the Three spacecraft observations of the geomagnetic tail during
Earth’s magnetosphere with the identical Cluster ion spectrome- moderately disturbed conditions: Structure and evolution of the
try (CIS) experiment, Ann. Geophys., 19, 1303-1354, 2001, current sheet, J. Geophys. Res., 102, 14 415-14 424, 1997.


http://direct.sref.org/1432-0576/ag/2001-19-1303
http://direct.sref.org/1432-0576/ag/2004-22-2535

