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Abstract. We present the study of one of the first magne- These authors suggest that the primary cause lies not in a lo-
topause crossings observed by the four Cluster spacecraffal instability, but in the pre-existing magnetosheath fluctua-
simultaneously, on 10 December 2000. Although the de-tions; by studying the propagation of incident magnetosheath
lays between the crossings are very short, the features ofraves through the magnetopause, they have shown that these
the boundary appear quite different as seen by the differentvaves convertinto Alfén waves in the boundary density gra-
spacecraft, strongly suggesting the presence of a local curvadient. Moreover, in the presence of a sufficient magnetic field
ture of the magnetopause at that time. The small-scale flucrotation, the resulting Alfén waves are shown to be trapped
tuations observed by the STAFF search-coil experiment arén the boundary, therefore producing a local enhancement of
placed in relation to this context. A preliminary investigation the fluctuation level. The major consequence of this trapped
of their behaviour on the boundary and in the neighbourhoodsmall-scale turbulence is to allow via Hall-MHD effects a
magnetosheath is performed in comparison with the theoretmicro-reconnection distributed all over the boundary.

ical model of Belmont and Rezeau (2001), which describes

the interaction of waves with the boundary. The time has now come to confront the model with the

Cluster data. Part of the Wave Experiment Consortium (Ped-
Key words. Space plasma physics (transport processes, disersen et al., 1997), namely the STAFF instrument, is de-
continuities, turbulence) voted to the measurement of the electromagnetic fluctuations
ranging from O to 4kHz (Cornilleau-Wehrlin et al., 1997).
The STAFF-SC part of the instrument gives the waveform
1 Introduction of the low-frequency range (up to 10 Hz) magnetic fluctua-

tions. These data are used primarily in the present analysis,
For many years, scientists have tried to understand the trangogether with data that allow for the large-scale description
fer of particles through the magnetopause. Various model®f the magnetopause: the Flux-Gate Magnetometer (FGM)
have been used with this aim in mind with the main diffi- data (Balogh et al., 1997), the density data from the WHIS-
culty arising from the fact that the plasma around the mag-PER instrument (Bcréau et al., 1997), and the particle mea-
netopause is collisionless and that usual diffusion cannot b&urements made by CIS éRe et al., 1997).
invoked. Different experimental studies had given the indi-
cation that the small-scale electromagnetic fluctuations are,
likely to play a significant role in these transfers, by taking
the place of the collisions, in particular, the observation of a
high level of fluctuations right at the magnetopause. Most
of the models, until recently, were based on the assume

The two magnetopause crossings that are studied here
ave been chosen only because they were observed during
one of the first periods when data were acquired simultane-
ously on the four spacecraft. For both crossings, the mag-
netic field rotates more than 90which is favourable for
?he scenario to be tested. Such large-scale features of the

existence of local instabilities at the boundary, giving rise boundary are presented in Sect. 2, using FGM data, in order

to plasma pgnetratlop, through .e|ther anomalous dlffusm% replace the electromagnetic fluctuations in their context.
or reconnection (tearing instability). Belmont and RezeauSection 3 is devoted to the study of the magnetic fluctua-

(2001) have recently proposed a different and probably MOrions themselves. To investigate the modes observed around

realistic model for explgmmg both the origin .Of the strong the boundary, a minimum variance analysis is performed on
magnetopause fluctuations and the mechanism of transfe{he STAFE data. These results are very preliminary, since

Correspondence td-. Rezeau no other case has been studied yet and no specific multi-
(laurence.Rezeau@cetp.ipsl.fr) spacecraft tool has been used yet for the study.
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Table 1. First crossing: Comparison of the directions of the mag- Table 2. Same as Table 1 for the second crossing
netopause normal determined by Sibeck’s model, the CP, and the
MVA methods, respectively

Angle between CP and model MVA and model CP and MVA Angle between CP and model MVA and model CP and MVA

SIC SIC

1 23.2 40.2 17.4 1 73.° 78.1° 9.1°
2 21.% 3.2 12.r 2 51.6 76.8 53.7
3 21.0 43.5 22.7 3 84.3 72.2 15.00
4 19.7 39.9 21.0 4 81.% 74.° 11.6

2 Large-scale behaviour of the magnetopause ent, but both seem to be the superposition of two phenomena:

a smooth variation of the modulus of the magnetic field and

of the density (shown by a blue shading), and sharp rotations
(shown by a pink shading). A boundary layer can be seen on
the magnetospheric side of the magnetopause in the WHIS-

On 10 December 2000, the WIND satellite is not in a very
good position to place our study in its interplanetary context
(GSM: 28.5RE,185.0RE,—50.5RE). However, it indicates

that the pressure of the solar wind and its speed are rath

steady around 2nPa and 700 kmtsrespectively. B, re- %ER_ data. ) ) )
verses at just around 8:30, going from 5nT to 1 nT, ti.e. after Without performing a very detailed study, some informa-
the crossings studied here. tion can be obtained from the variations in the magnetic field.

Since the magnetopause is, by definition, a magneticwe used two different methods to study the magnetopause

boundary, the identification of the crossings is made first onn@rmal. First, we used the simplest approach, which con-

the magnetic field data. Nevertheless, the previous studieSiSts of performing the cross product (CP) of the averaged

of these regions have shown that the behaviour of the low/nagnetic fields on both sides. Second, we performed a Min-

frequency waves (ULF-ELF) changes radically at the crossiMUm Variance Analysis (MVA) (Sonnép and Scheible,
ing: the level of turbulence is low in the magnetosphere, highl998). Both results are then compared to a model normal
in the magnetosheath and even higher right on the magne4Sing Sibeck’s model (parabollg shape adjusted to the posi-
topause (Perraut et al., 1979; Anderson et al., 1982; RezeaiP" Where the magnetopause is observed, as calculated by
etal., 1989); this gives another means of identifying the mag->iPeck et al., 1991), and summarized in Tables 1 and 2.
netopause. On 10 December 2000, the orbit of the spacecraft The CP method is valid whenever one can assume that the
is outbound and many magnetopause crossings can be ideRoundary is approximately tangential and that the total ro-
tified in quite a short period (Fig. 1), indicating that the mag- tation is not too close to“0or 180°. The comparison be-
netopause is not stationary. tween the normals obtained by this method and the normal
To make a detailed study, we select two successive crosgieduced from the model is presented in the first columns of
ings: around 08:15, the spacecraft are in the magnetosheatfiables 1 and 2. One observes that for both crossings, they are
they cross the magnetopause around 08:21 to enter the maglways different from each other. During the first crossing,
netosphere and then go back to the magnetosheath arouride magnetic field rotates by about 25 the four space-
08:25:50. At this time, the spacecraft explore the boundarycraft. The angle between the observed normal and the model
of the magnetosphere on the evening side, well above th@ne is about 22 with the observations on the four spacecraft
ecliptic plane Kgse= 0.3Rg, Yose= 18R, Zgse= 6 RE). being similar. Furthermore, the normals of the first crossing
As learned from previous one-spacecraft experiments, mulare very different from those of the second crossing. During
tiple boundary crossings can be the signatures of either &he second crossing, the normals are also different from satel-
global back and forth motion of the magnetopause, or surfacédite to satellite. Three of the CP normals are about 86m
wave oscillations on the boundary (see for instance, Aubrythe model normal, while the fourth one is=a60°. The four
etal., 1971). Using the Cluster facility, we should be able tonormals are not in the same plane, which seems to indicate
disentangle these interpretations. a fully three-dimensional structure of the boundary. Never-
To study the large-scale behaviour of the magnetopauseheless, these determinations are likely to involve large un-
we have used the FGM data with a 4's resolution, togethegertainties since the rotation angle is not far from1gfom
with the WHISPER data, which give an indication of the 164 to 172, depending on the spacecraft), and a more de-
variations in the density during the crossings. These datdailed study of this case is therefore necessary.
are used first to locate the spacecraft in the different regions; The MVA method is actually an efficient one as long as
and afterwards to characterize the shape of the magnetopautiee magnetic field variations are polarized in a plane and not
during both crossings. We assume the limits of the magnealong one unique direction; the validity of the result under
topause are the times when the magnetic field stops rotatinghese conditions is insensitive to the particular case of & 180
As can be seen in Fig. 2, the two crossings look quite differ-rotation and gives a more reliable determination of the mag-
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Fig. 1. Colour spectrogram of the STAFF data (the horizontal scale is time, the vertical scale is frequency in Hz). The four lowest panels
show the STAFF-SC part, below 10 Hz. The four top panels show the STAFF-SA high frequency band (10 Hz—4 kHz). The thin white line
superimposed on the spectrograms is the electron gyro-frequency as deduced from FGM magnetic field. Many magnetopause crossings ca
be identified: they are identified by arrows on the plot. Red arrows show the two crossings studied in this paper.

netopause normals. The first crossing lasts almost 30 s. Wihe magnetopause, but more likely a corrugated surface. The
used different time lengths for the minimum variance anal-fact that the magnetopause behaves as a surface wave is very
ysis, ranging from 20 to 110s. The results are quite stablemportant for the study of the small-scale electromagnetic
and are not very different from the previous analysis usingfluctuations on the boundary. As a matter of fact, a previ-
only the cross product: we have a mean change &f(§6e  ous study performed on ISEE data (Rezeau et al., 1992) has
columns 2 and 3 of Table 1). For the second crossing, whictshown that the power of the fluctuations was strongly depen-
lasts for 20 s, we used times ranging from 15s to 1 or 2 min.dent on the large-scale characteristics of the magnetopause,
The results are also quite stable. As seen in Table 2, the maishowing (i) that the power of the fluctuations is higher when
difference with the cross product analysis concerns spacethe boundary is moving earthward and the magnetosphere is
craft 2, whose normal comes close to the common value otompressed, than when it is moving sunward, (ii) when an
the other spacecraft (about°7Bom the model normal), in-  oscillation is observed on the boundary, the power seemed to
stead of being singular. In the actual conditions of almostbe higher on the leading edge of the wave. This study was
180 rotations, it is clear that the MVA results are the most preliminary and not comprehensive since the measurements
reliable, and we will keep them for reference in the follow- were performed with only two spacecraft. Cluster will pro-
ing analyses (Sect. 3). All the preceding study tends to showide a better view of this problem.

that we are not observing a global back and forth motion of Some additional information on the motion of the bound-
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10 December 2000 FGM & WHISPER
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two spacecraft ang — t1 is the delay between the two cross-
ing signatures. As the tetrahedron is not very large (the maxi-
mum distance between spacecraft is 1000 km), the estimation
accuracy has to be checked carefully. A reliable value for
the delay can be obtained only when the signatures obtained
on the two considered spacecraft are sufficiently similar. The
parameter that has been used to determine the crossings is the
angle between the magnetic field and a fixed direction in the
tangential plane. It gives a clear signature of the rotation of
the magnetic field. With this parameter, both crossings dis-
play a relatively simple structure. For the second crossing,
the signatures appear very similar on spacecraft 2 and 4, and
fairly similar on spacecraft 1, but spacecraft 3 displays a very
different signature, which remains to be explained. Using the
spacecraft 2 and 4, a delay 4.8 s is observed, leading to

a magnetopause velocity of about 230 km $along the lo-

cal normal). For the first crossing, the delays between the
spacecraft are shortex(l s), and the accuracy of the veloc-
ity determination is less reliable. From spacecraft 3 and 4,
one obtains nevertheless, a magnetopause velocity of about
154kmst.

It is quite interesting to compare the magnetopause veloc-
ities obtained in this way with the ion velocities measured on
board Cluster. Even if the normal compondht has been
found to be significantly different from zero, which indi-
cates that the magnetopause is not strictly tangential and that
the magnetosheath and magnetosphere magnetic field lines
are “connected”, it is to be expected that the difference be-
tween the normal components of these two velocities remains
small. We tried to check this with CIS experiment, using
CODIF data, which are available on spacecraft 4, and HIA
data, which are only available on spacecraft 3. CODIF count
rates are partially saturated in the magnetosheath, which re-
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sults in underestimated velocity values; however, the trends
in the velocity direction variations are the same as on HIA.
When looking at 3 mn averaged values in the adjacent mag-
netosheath or magnetosphere, the ion velocity appears almost
tangential to the model magnetopause, independent of the
corrugation. When looking at the instantaneous values in the
magnetosheath closer to the boundary, the flow appears to
turn rather suddenly in the limit of the 4 s resolution, and the
Fig. 2. Three components of the FGM magnetic field projected velocity along the local normal seems to be close to the ve-
in the GSE frame. The time resolution is 4s. Each spacecraft idocity of the boundary (250 knts on CODIF, 350 kms?
identified by the referenced colours (1, black, 2, red, 3, green, 4gn HIA). These results are in accordance with the physical
blue). In the third.panel,. an estimate of the density dgduced from th%)uess, but are still preliminary.
WHISPER experiment is superimposed. Blue shading correspondS ¢ \ajyes obtained for the magnetopause velocities of
to the density and magr'wet_lc field mpdulus variations. Pink Shadmgabout 150—250 ks may appear rather high, but it is worth
corresponds to magnetic field rotations. . .

noticing that such high values of the normal magnetopause

velocity have already been pointed out in the literature using

the two spacecraft INTERBALL investigations (Safrankova
ary can be obtained from the analysis of the delays beet al., 1997). All the preceding results intend to place the
tween the crossings by the different spacecraft. The methodvave observations in their large-scale context. Figure 3 sum-
that we used for this first estimation is a simple one: for marizes the main characteristics relevant for this goal. The
each pair of spacecraft, we assume that the magnetopausgegrated wave amplitude is placed on a plot where the vari-
is locally a plane moving in the direction of a unique nor- ations in the Alfen velocity are displayed (from CIS and
mal n. The velocity of the boundary is determined by FGM data), as well as the magnetic field rotation angle. The
Vi2 = d12 - n/(t2 — 11), whered1z is the vector joining the  Alfvén velocity gives a clear signature of the boundary layer

Bz (nT)

¥0IS (;.wo) Aysuag

* 0
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10 December 2000 satellite 3

STAFF integrated power (x25 nT 2)

B FGM rotation in the L,M plane Alfven speed (x2000 km/s)

90 T T — 15

\ [\/’\ Fig. 3. Main characteristics of the
[ wagnetopause waves at the magnetopause on space-
Boundary craft 3: the Alf\en speed calculated
layer o | ; g I using the density is given by CIS,
the magnetic field is given by FGM,
\[ the power of the fluctuations from the

STAFF experiment (integrated between
N \/‘J 0.1 and 10 Hz) are normalised to 1, and
90 | 1 os the magnetic field rotation angle is the
angle betweerBq and theM direction

in the (L, M) plane. The angle is in-

J\ \k,-/\/\r-/ terrupted in the magnetosphere because
: the (L, M) plane is determined for each

d

180 i 0 crossing and there is no relation be-
8:20:00 8:21:00 8:22:00  8:23:00 8:24:00 8:25:00 8:26:00 tween both calculations.

10 December 2000 STAFF satellite 2

1000

100
o~ 10 - LR 1 s
154
O
L
=
”n 0.1
N
<
L  0.01
0.001 i R
Fig. 4. Power of the fluctuations from
0.0001 i the STAFF experiment on spacecraft 2,
8:18:00 8:20:00 8:22:00 8:24:00 8:26:00 8:28:00 integrated between 0.1 and 10 Hz.
and shows a local maximum in the second crossing. scales on the FGM data and at smaller-scales in STAFF data.
This observation might be explained by the fact that Cluster
crosses the magnetopause on the flanks of the magnetosphere
3 Small-scale fluctuations and at a high latitude, which is quite different from previous

studies.

The first information concerning the small-scale variations The study of the spectra of the fluctuations at the mag-
comes from the distribution of power in the different regions netopause can be expected to yield precious clues for un-
(Fig. 4). As previously observed, the maximum of the power derstanding the behaviour of the turbulence near the magne-
is seen very close to the magnetopause gradient and the levipause. These spectra are found in this case to follgw*a

seen in the neighbouring magnetosheath is much lower. Thepower law (Fig. 5), as already observed (Rezeau et al., 1999).
boundary layer corresponds to a level that is comparable t@# calculation of the parameter in the magnetosheath and
the magnetosheath one. Nevertheless, the contrast betweahthe magnetopause gives values between 2.3 and 2.9, de-
magnetosheath and magnetopause levels appears in this capending on the spacecraft and on the interval studied. These
weaker than previously reported. Before the first crossing, invalues are consistent with those usually observed except that,
particular, when the spacecraft are in the magnetosheath, eontrary to the previous cases, no systematic difference can
very high turbulence is present: it can be seen both at largebe evidenced between the slopes at the magnetopause and
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10 December 2000 STAFF satellite 3

— boundary layer (08:25:05:00 ----- > (08:25:17:00)|
— magnetopause (08:25:25:00 ----- > 08:25:37:00)
— magnetosheath (08:26:05:00 ----- > 08:26:17:00)
— magnetosphere (08:23:00:00 ----- > 08:23:12:00),
— sensitivity

0.1

0.01

0.001

B? (nT*Hz)

0.0001

Fig. 5. Comparison of the spectra in the
— regions adjacent to the magnetopause
; o on spacecraft 2. For reference, the
sensitivity of the instrument is plotted
showing that the fluctuations are much
higher, even in the magnetosphere.

Frequency (Hz)

in the magnetosheath. This may reinforce the observatiortier at 0.35 Hz, but without filtering the high frequencies. The

made on the integrated power: there is less difference beminimum over maximum variance ratios were then about
tween the magnetopause and the adjacent regions observ@d®7, indicating that under these conditions, the magnetic
at high latitudes on the flanks of the magnetosphere than ivariations are not embedded in a plane but in a volume that
regions closer to the front of the magnetosphere and at lows still greatly flattened in one direction.

latitudes. The results obtained in this way have been compared to

the main characteristic large-scale directions in the magne-

To test the Belmont and Rezeau (2001) model, it is neces o ) _ . -
opause vicinity. Figure 6 displays the maximum and mini-

sary to know how the fluctuations are polarized and whethef

their polarizations change across the magnetopause. Th um variance directions as functions of time with respect to
study has been performed using again a MVA me.thodt e magnetic field direction. To obtain these results, a MVA

The results presented afterward have been obtained forl]as been performed on succe_ssive 3s int_ervals of STAFF data
centred around each data point of FGM, i.e. every 4s. When
comparing the mean angles obtained in the magnetosphere
and in the magnetosheath, one can see that there exists a sig-
nificant trend. The maximum variance is rather perpendic-

sumption that each data set analyzed is the signature of Hla_r t0 Bo In the“mag,netosp?ere (r_nea_n value_ close 1,70
plane wave, i.e. with a unique wave vector direction, the|nd|cat|ve of an "Alfven type” polarization, while the com-

MVA technique can indeed provide the main properties OfpreSS|0nthcorTr1]ponent, palralle: By, '; T&‘ﬁh Ilarger n }he
this plane wave: the propagation direction is the direction oflmagnetr(])s eat .(me.an l\]fa L;]e c Oie t0)¢ ne owes_t value
minimum variance, and the polarization, linear or elliptic (in les at the crossing itself where the maximum variance is at

the plane perpendicular to propagation), is derived from theOnly 30 from Bo.

maximum and intermediate variances. In the present data, The angle between the minimum variance direction (sup-
the ratioso3/a 1 of minimum over maximum variances are posedly the wave vector direction) al} follows an anti-
found, on average, to be as small as 0.05. The smallnessorrelated variation, i.e. rather parallel in the magnetosphere
of this ratio evidences the good planarity of the magneticand more perpendicular in the magnetosheath, with a max-
hodograms that can be drawn as functions of the spacecrafinum close to 80 at the magnetopause itself. The error
time. In a first step, we used data filtered with a high-pass fil-bars are generally very large, suggesting that the polariza-

crossing 2, with data filtered in a narrow frequency range
(~0.1Hz) around 0.35Hz. This frequency is below the
proton gyrofrequency in the magnetosphered(4 Hz) and
above the magnetosheath omeQ.15Hz). Under the as-
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90 ‘ : : : ; : ; ; ; ; ; 3

60

Fig. 6. MVA results for 0.35Hz fluc-
tuations for crossing 2. The points are
the values of the angles betweBp and

the direction of maximum variance)(
and minimum variances) averaged on
the four spacecraft. The error bars are
the mean square differences of the four
values with this average. The position
o \ ‘ | ‘ / \ ‘ ‘ o of the magnetopause is shown by the
08:25:00 08:26:00 08:27:00 shaded zone and the average power of

. the fluctuations is drawn for compari-
Time son.

Angle

30

(zLu) Jamod abelony

tion directions have a great random component from placeghe magnetopause. The results appear to be rather similar on
to place and therefore, that the waves observed are not plahe magnetospheric side, but a clear trend not longer appears
nar at the scale of the Cluster tetrahedron. It must be kept iny more in the magnetosheath or at the magnetopause.
mind that the planarity of the magnetic hodogram as a func-

tion of time is not, in general, a proof that we are actually _

dealing with plane waves. The planarity of the wave sur-4 Conclusion

faces concerns the spatial and not temporal variations of the

magnetic field; a plane hodogram can be considered as a-rl;he results pre;ented here are Very preliminary and they
indication of plane waves only when its planarity cannot be need to be confirmed by further studies. They already give

attributed to temporal variations that are too simple (in par-a ghmpje of thi nchnhess of the Cluster d_art]a. Looking atf
ticular, monochromatic). This is probably not the case for the@ POUN ar)r/] suc als t. N magEetopauseb wit one spacecraft
filtered data. This problem will not be solved without using 9'V€S @ rather simple image. Later on, by using two space-

a true 4-spacecraft method, such as multi-spacecraft filterin ”Iilﬁ lrg;;lons dS:JNC?'EaR?BIAS\II_ELElllMTgIC%hffeg;hfem kand Rus-
(Pingon and Lefeuvre, 1998). This work is in progress. ell, ) an ) (Safrankova et

Th b btained with the MVA techni .. al., 1997) a moving and oscillating layer was detected. Using
€ Ierror aLS obtained with the _tec nlr(]que arehmlnl- now the Cluster “microscope” clearly increases the complex-
mum close to the magnetopause crossing, rather on the maﬂy of the interpretation. First of all, the large-scale structure

netospheric side of the boundary. The maximum amplitudeof the boundary shows that the layer is not a plane at the
peak is clearly right in the boundary. The small error bars

indicate that at thi int btai liable directional | scale of the tetrahedron, i.e. some 1000 km, which is very
indicate that at this point one oblains refiable directional In- g4 itk respect to the scale of the magnetosphere. It prob-
dicators of the strong waves: a rather parallel propagation

4 a shear Alfe larizati A ol 4 ably cannot be approximated by a two-dimensional surface;
and a shear Alfen type polarization. A careful comparison ,iper it is likely to be fully 3-dimensional locally, which is
with the model remains to be done.

somewhat far from most models that have described it in the
A comparison has also been performed between the maxpast. From a theoretical point of view, this observation could
imum and minimum variance directions and the magne-pe related to the Kelvin-Helmholtz instability, whose growth
topause normal. The main result is that at the point of maxate is known to maximise for wave numbers of the order
imum amplitude, where the uncertainties are the lowest, thQ)f the inverse thickness of the boundary (See, for instance
minimum variance direction is almost aligned with the mag- miura and Pritchett, 1982; Belmont and Chanteur, 1989).
netopause normal. This is in agreement with the fact that=or the sake of simplicity, if one visualises the magnetopause
the wave vector along the normal direction could increase ingg 5 layer of thickness limited by two discontinuities, then
this region to values much greater than the tangential compothe theoretical linear results show that: (i) faf < 1, the
nents, as found in the model of Belmont and Rezeau (2001)growth rate increases linearly with and the undulations on
Outside the magnetopause, no clear trend is observed.  the two edges are in phase (in this condition, the infinitely
The same work has been done at a frequency around 2 Hzhin layer approximation is correct); (ii) for increasikd,
which is larger than the ion gyrofrequency on both sides ofthe growth rate increases more slowly where the role of the
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thickness is to introduce an increasing phase difference be- phys. Research, 2001.

tween the two edges; (iii) fatd ~ 1, the growth rate stops Belmont, G. e_md Chgnteur, G Advances_in magnetopause Kelvin-
increasing, with the phase difference reaching®18®) for Helmbholtz instability studies, Phys. Scripta, 40, 124-128, 1989.
kd > 1, the growth rate falls rapidly down to zero. In con- Berchem, J. and Russell, C. T.: Magnetic field rotation through the
sequence, as long as the linear fastest growing mode is the ;;nl?;eg:iiguigélstE 1and 2 Observations, J. Geophys. Res., 87,
most commonly observed, one cannot expect to observe o Lo ) ,

boundary that would be locally plane. The interpretation of 80rn|lleau-WehrI|n, N., et al.. The CLUSTER Spatio-Temporal

h . d | ind Analysis of Field Fluctuations (STAFF) Experiment, Space Sci-
the magnetopause corrugations due to solar wind pressure ..o Reviews, 79, 1/2, 107—136, 1997.

pulses can lead to similar conclusions. Décieau, P. M. E., etal.: WHISPER, A resonance sounder and wave
The wave observations made here confirm the main results analyser: performances and perspectives for the Cluster mission,

obtained by previous experiments. In particular, the observa- Space Science Reviews, 79, 1/2, 107-136, 1997.

tion of a high turbulence level at the magnetopause reinforce®unlop, M. W. and Woodward, T. I.: Multispacecraft discontinuity

the idea that the magnetic fluctuations play a significant role analysis: orientation and motion, in: Analysis Methods for multi-

in the physics of this boundary. Nevertheless, most of the spacecraftdata, (Eds) Paschmann, G. and Daly, P. W., ISSI, 1998.

previous statistical studies of the turbulence have been peMiura, A. and Pritchett, P. L.: Nonlocal stability analysis of the

formed in the front region of the magnetopause. The exam- MHD Kelvin-Helmholtz instability in a compressible plasma, J.

ple shown here is quite different, since it is an observation_ GSOPhYs. Res., 87,7431, 1982. _

of the magnetopause on the flanks of the magnetosphere anpue dersen, A., et al.. The Wave Experiment Consortium (WEC),

. : . . Space Science Reviews, 79, 1/2, 93-106, 1997.
at high latitudes. The interaction between the magnetosheatp

] ; ) - ) erraut, S., Gendrin, R., Robert, P., and Roux, A.: Magnetic pulsa-
turbulence and the boundary might be different in this region  ions observed onboard GEOS 2 in the ULF range during mul-

due to, for instance, a large plasma flow. This should be in- tiple magnetopause crossings, in: Proceed. of Magnetospheric

vestigated using plasma data in the near future. Boundary Layer Conference, Alpbach, June 1979, ESA/SP-148,
As a result of the study performed on ISEE data (Rezeau 113-122, 1979.

et al., 1992), the role of a surface wave on the boundary igingon, J. L. and Motschmann, U.: Multi-Spacecraft Filtering: gen-

important. Therefore the identification and the interpretation eral framework, in: Analysis Methods for multi-spacecraft data,

of such oscillations are of primary importance for the under- __(Eds) Paschmann, G. and Daly, P. W., ISSI, 1998. _
standing of small-scale fluctuations. Réeme, H., et al.: The Cluster lon Spectrometry (CIS) Experiment,

Space Science Reviews, 79 1/2, 303-350, 1997.
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