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Abstract. Broadbandwaves aroundthe lower hybrid fre-
gueng (around10 Hz) nearthe magnetopausare studied,
usingthe four Clustersatellites. Thesewavesare common
atthe Earthward edgeof the boundarylayer, consistentvith
earlierobsenations,and can have amplitudesat leastup to
5 mV/m. Thesewavesaresimilar on all four Clustersatel-
lites, i.e., they arelikely to be distributed over large areas
of the boundary The strongestlectric fields occur during
a few secondsj.e., over distancef a few hundredkm in
the frameof the moving magnetopause, scalelengthcom-
parableto the ion gyroradius. The strongestmagneticos-
cillations in the samefrequeng rangeare typically found
in the boundarylayer, and acrossthe magnetopauseDur-
ing an event studiedin detail, the magnetopauseelocity is
consistentvith alargescaledepressionmwave,i.e.,aninward
bulge of magnetosheathlasma,moving tailward alongthe
nominalmagnetopausieoundary Preliminaryinvestigations
indicatethataratherflat front sideof the large scalewave is
associateavith aratherstaticsmallscaleelectricfield, while
a moreturbulentbacksideof the large scalewave is associ-
atedwith smallscaletime varyingelectricfield wave paclets.

1 Intr oduction

Themagnetopause acomplex boundanbetweertheEarth's
magnetospherandthe shocledsolarwind. Thesolarwind-
magnetosphermteractionnever ceasesandin a global per
spectve particles enegy andmomentunareessentiallycon-
stantlybeingtransferrecacrosghemagnetopaus® themag-
netoshereWavesat frequenciegrom well below the proton
gyrofrequeng (of the orderof 1 Hz) and up to higherfre-
guenciesmay be importantfor particle diffusion acrossthe
magnetopaus@ndfor theonsetof reconnectionWe present
hereobsenationsof electricandmagnetidield variationsup
to 10 Hz andhigherin the spacecrafframeof referencepb-
tainedby thefour Clustersatellitesduringmultiple crossings
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of the dusksidemagnetopause Our investigationincludes
datafrom thefirst doubleprobeelectricfield experimentthat
athighsamplingrates 25 samples/sr higher, routinelypro-
videsobsenationsfrom the outerboundarief the magne-
tosphere.

The large scaleshapeand location of the magnetopause
have beenmappedby earlier spacecraftandthis boundary
is structuredon mary lengthscaleqRussell 1995;Fairfield,
1995). Also, waves covering a broadfrequeng rangeare
usuallypresentearthemagnetopausasobsenedby several
single spacecraf(Holzer et al., 1966; Gurnettet al., 1979;
Blecki et al., 1988;Labelleand Treumann,1988; Tsurutani
et al., 1989; Thorneand Tsurutani,1990; Anderson,1995;
Lucek et al., 2001) and there are also occasionalbsena-
tionsobtainedsimultaneouslypy two satellitegRezeatetal.,
1993). Theimportanceof thesewavesfor diffusion andfor
the onsetof reconnections discussedn reviews by Labelle
and Treumann(1988), Sibecket al. (1999)andRezeauand
Belmont(2001).

In the following we presentobsenationsfrom the four
Clustersatellitesof electricand magneticfields andwaves,
andplasmadensity from anorbit whenthespacecraféxperi-
encedmultiple crossingf the dusksidemagnetopausaiVe
investigatethe detailsof the electricfield atthe boundaryof
alarge scalemagnetopauswave, a tailward moving inward
bulge of magnetosheatplasma Preliminaryresultsindicate
thatonthefrontsideof thelargescalewave theelectricfields
areratherstaticin the magnetopaus&ame,while the elec-
tric fieldsonthe moreturbulent“backside”of thelargescale
wave consistof time varyingelectricfield wave paclets.

2 Cluster instruments

Clusteris a uniquefour satellitemissiondesignedo inves-
tigatethe Earthsmagnetospherandits boundariesn detail
(Escoubett al., 1997). In this studywe usedatafrom the
ElectricField andWave (EFW) instrumentwith two pairsof
probesonwire boomsn thespinplaneof eachsatellite.Each
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pair hasa probe-to-probeseparatiorof 88 m, (Gustafssoret
al., 1997,2001). For the event presentechere,a sampling
rateof 25 samples/svith ananti-aliasingfilter at 10 Hz was
usedfor the electricfield. Also, the potentialof the probes
with respectto the spacecraftvas sampledat 5 samples/s,
and this measurementan be usedto estimatethe plasma
density(Pedersen?001). We alsousedatafrom the STAFF
searchcoil magnetometer@Cornilleau-Wehrlinetal., 1997)
andthe FGM fluxgatemagnetometer@aloghetal., 1997).

3 Obsewations

On DecembeB1, 2000,the Clustersatellitescrossedhethe
high-latitude, duskward magnetopauseeveral times. The
upperpanelof Fig. 1 shavsthe probe-to-spacecrafiotential
vps (EFWonsatellite4) obtainedby takingtheaverageof the
differencebetweenprobeand satellite potentialfor all four
probes.This differenceis oftenreferredto asthe negative of
the spacecrafpotential. The potentialv,, is positively cor
relatedwith thedensityi.e.,ahighv,, corresponds$o ahigh
density During the 7 hoursdisplayedn thefigure,the satel-
lites movedfrom (3,11,9)R. in GSEcoordinatego (6,15,7)
R. with spacecraftseparationf typically a few hundred
to thousandkilometers. In Fig. 1 av,, of -20, -10 and-5
V correspondso about0.8, 2 and 20 particlescm=2. The
middle panelof Fig. 1 shavs the magnitudeof the magnetic
field obsened by FGM, while the bottom panelshaows the
elevationangleof the magneticfield in GSE coordinategso
that +90 degreescorrespondgo a northward field). In the
upperpanelof Fig. 1, a low v,, correspondo the magne-
tosphereseveralincreasego around-10 V indicateentries
into a boundarylayer, while increasego around-5 may be
crossingsof the magnetopausito the magnetosheathAn
increaseof v, togetherwith a cleardecreasef the eleva-
tion of the magneticfield, suchasaround10:20and11:30
UT, indicateclearexcursionsinto the magnetosheattSince
the satellitespeedof the orderof 1 km/sis muchlower than
theplasmaspeedamoreappropriatelescriptiormaybethat
themagnetopausmotionbringsthe satelliteinto themagne-
tosheath.Comparingwith a nominalmodelmagnetopause,
the satellitesare always outsidethis boundaryat distances
from 0.5 R, (beginning of the period)to 2 R, (endof the
period). The multiple crossingsn Fig. 1 indicatesignificant
motionof the magnetopauselthoughthe WIND spacecraft
(atadistanceof about250R, from Earth)obseredarather
steadysolarwind with a pressureof aboutl nPa. As dis-
cussedbelowv at leastsomeof the magnetopauserossings
correspondo large scalesurfacewavesratherthanjust ra-
dial motion of themagnetopause.

Figure 2 shawvs 22 minutesof data,startingat 10:00UT,
DecembeB1,2000.Panelashavsv,, asin Fig.1,i.e.,anin-
dicationof thedensity plottedfor all four Clusterspacecraft.
The satellitesencountera boundarylayer and possiblythe
magnetosheatfor abouta minuteafter 10:02,thereis a sig-
nificant densityperturbationust after 10:05,andthe space-
craft thenenterthe magnetosheathetweenabout10:17:30

and 10:21:00. Panelsb-e shov EFW E, (in GSE coordi-
nates)electricfield datafrom satellitesl to 4 at frequencies
upto 10Hz. It is clearthatbroadbandin the satelliteframe
of referencevavesareseenon all spacecraftt densitygra-
dients,andsometimesn nearbylow densitymagnetospheric
regions.(Thesignalupto aroundl Hz in thisfigureis mainly
causedy artificial non-linearcouplingbetweenthe plasma
andthe probes. In the magnetosheatbBuchsignalscanbe
seenup to about3 Hz.) Panelf displayselectricfield be-
tween10 and 50 Hz, and panelg shavs magneticfield up
to 10 Hz, both using datafrom the STAFF instrumenton
satellite4. The protongyrofrequeng is about0.3 Hz, and
the lower hybrid frequengy is approximatelylO Hz. Panelf
shavsthatthebroadbandvavesobsenedby EFW exist also
at higher frequencies. Comparingpanelse and g we find
thatthe strongelectricandmagneticoscillationsat a few Hz
arenearlyanti-correlatedthe formerbeingconfinedto den-
sity gradientsand also the low densitymagnetosphereghe
lattermainly occurringin the boundarylayerandthe magne-
tosheattwith higherdensities.

Figure 3 displaysthe latter part of the eventin Fig. 2 in
higher time resolution. It is againclear that the strongest
electricfield emissionsare detectecheardensitygradients,
andalsothatsuchwavesmayoccurelsavherein thelow den-
sity magnetosphergAs in Fig. 3, somesignalsin the mag-
netosheathup to about3 Hz are dueto artificial non-linear
coupling.) Note that satellite2 movedinto a boundarylayer
around10:17:35UT, afew seconddeforethe otherspace-
craft, andthatthe broadbandemissionshown in panelc ac-
cordinglyoccursafew secondbeforeemission®ontheother
spacecraft.Panelsh andi of Figure 3 shov the magnitude
of the magneticfield, andthe elevation angle,on satellite4
(from FGM). The decreas€increasepf the elevationangle
nearl0:18:00UT (10:20:30)s consistentvith thespacecraft
crossingthe magnetopausand entering(leaving) the mag-
netosheath.Note that the sharpincrease(decreasepf vy,
occursa few secondbefore(after)thesuddernchangen the
elevation angleof the magneticfield. Startingat the mag-
netosphericside, thesedataare consistentwith first a den-
sity increasavhenmoving into a boundarylayer, andthena
changeof magneticfield direction,consistentvith a current
sheetwhenmoving into the magnetosheath(The decrease
of vps 10 -24 V just after 10:17:30UT may be dueto low
density andalsoto low electrontemperature.Panelh shovs
magnetidluctuationsconsistentvith thelow frequeny part
of panelg. Consideringthe wavesat frequencieaup to 10
Hz, at leastduring this event, the strongesbroadbandvave
electricfieldstendoccuratthe Earthwardedgeof thebound-
ary layer, while the strongesmagneticoscillationsappeain
theboundaryayerandalsoacrosshe magnetopausiato the
magnetosheath.

The magnetopausand the associatecelectric and mag-
netic oscillationsare moving acrossthe Cluster satellites.
The velocity of the magnetopauseanbe estimatecdoy vari-
ousmethods.Onemethodis to considerone specificvalue
of v,, andnotethe timeswheneachof the four spacecraft
reacheghatlevel (Fig. 4a). Fromthis, andknowing the po-
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Fig. 1. Obserationsby Clustersatellite4 on Decembe31, 2000. The upperpanelshowvs the potentialvys. This parameteis positively correlatedwith the
density i.e., a high vps correspondso a high density A v, of -20,-10 and-5 V correspondso about0.8, 2 and 20 particlescm 3. The middle panel
displaysthe magneticfield from FGM, andthe bottompanelshavs the elevation angleof this field in GSE coordinategsothat 90 degreescorrespondso a

strictly northwardfield.)
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Fig. 2. Clusterobserationsfrom 31 December2000. Panela shavs the potentialv,s from EFW (satellites1-4 correspondo black, red, greenandblue,
respectiely). A v, of -20,-10 and-5 V correspondso about0.8, 2 and 20 particlescm ~3. Panelsh-e display EFW E, electricfield upto 10 Hz. (The
signalfrom aroundthe satellitespinfrequeng (0.25Hz) to 1 Hz is mainly artificial, seetext). Panelf andg shav satellite4 STAFF electric(10-50Hz) and
thetotal magnetiqup to 10 Hz) field, respectiely. Notethe broadbancklectricemissionsatthe potentialgradientsandthe magneticemissionsn regionsof
highvps.



105

a) -4
— -8 T
2 12 |
8
> -16
-20
-24
b) 10 ] (mV/m)2/Hz
8 1 100
§ 6 10-1
- 102
4
-3
5 10
0| 10-4
10 (mV/m)2/Hz
c) 100
— 8 10-1
z 6 10-2
4 10-3
2 ] 10-4
d) 10 (mV/m&ZIHz
8 10
= 10-1
uI'T ® 10-2
4
)] 10-3
10-4
18 (mV/m)2/Hz
e) 8 100
N 10-1
uI'T X 10-2
4
10-3
2 4
0 | 10~
f) 40 . dB
1 -20
¥ 20/ 40
=] -60
10 -80
g) 12 (pTY2IHz
10 100
~ 8
6 104
4
2 10-8
0
h)y 40
=
<20
o
0
N
@ 50
[}
% 0
50 l]| 1 4

MILW
17 18 19 20 21 22
2000-12-31 UT, min after 1000 UT

Fig. 3. Clusterobsenationsfrom 31 December2000. This displaycorrespondso thelatter partof Fig. 2, andtheuppersevenpanelsaresimilarto thatfigure.
(Note the datagapduring the first minutein paneld.) Panelsh andi shav the magnitudeof the magneticfield from FGM on satellite4, andthe elevation
angleof this field (sothat 90 degreescorrespondso a strictly northwardfield), respeciiely.



106

sitions of the spacecraftthe velocity of the density struc-
ture canbe calculated. This is doneunderthe assumptions
thatthe magnetopauskecally is flat, andthatthe velocity is
constantand normalto the magnetopauseAnotherway is
similarto themethodusedby Baleetal. (2001).By comput-
ing cross-correlationsef the derivativesof thetime-serief
vps., it is possibleto find thetime delaybetweerthe different
spacecrafpassingthe structure(Fig. 4b). Using the same
assumptionsas above, the velocity can be calculated. By
usingthe derivative in the cross-correlationsatherthanw,,,
the transitioninto the structureis emphasizedHaving esti-
matedthe magnetopauseelocity, v,, from differentspace-
craftcannow beshiftedin time to overlap(Fig. 4c). A certain
time interval in the satelliteframenow correspondso a cer
tain lengthinterval in the magnetopauséame. The meth-
ods describedabove give similar velocities, aroundv,, =
(—100, —10, —55) km/s. Thespeeds about110km/s,with
a variationbetweenestimatef lessthan 10 km/s, andthe
variationin direction beinglessthan 15 degrees. We here
note that preliminary analysisof FGM magnetometedata,
includingminimumvarianceanalysisjs in reasonablagree-
mentwith theseobsenations. Futurestudiesshouldinclude
more minimum varianceanalysisof electric and magnetic
fields to estimatethe normal of the magnetopausat each

satellite,andto testthe assumptiorof a flat magnetopause.

Fig. 5 shavs asketchof thelocationof thesatellitesandthe
magnetopausandits velocity.

Somedetailsof the moving magnetopausand boundary
layer are consideredn Fig. 6a. A time seriesof the E,
electric field componentfrom satellite 2, nearthe bound-
ary crossingeaving themagnetospheraround10:17:30UT,
is shavn in the upperpanelof Fig. 6a. (Compensatiorior
slight differencesetweernprobeshave beenusedin this fig-
ure. Also, someeffects of the wake causedby the satel-
lite body in the magnetosheathasbeenremoved by filter-
ing.) The electricfield hasone single major negative peak
at 10:17:35UT. This peakoccursjust beforethe increase
of vps. This single peakgivesa significantcontribution to
the broadbandspectrumin panelc of Fig. 3. Otherelectric
field oscillationsareconcentrateth theregion of lowestu,,,
10:17:20to 10:17:35UT. As mentionedbefore,this low vy,
may be dueto low density andalsoto low electrontemper
ature. The lower panelof Fig. 6ashavs the electricfield in
the frequengy domain,usinga wavelettransform. This dis-
play givesa high time resolutionat higherfrequenciesand
clearly shavs the broadbandcharacterof the single electric
field peakin frequeng space,and alsothe location of the
electricfield emissiondo theregion of low vp,.

A time seriesof E, from satellite2, nearthe boundary
crossingenteringthe magnetospheraround10:21:00UT, is
displayedin the upperpanelof Fig. 6b. The electricfield is
foundin smallregions,eachincludingafew oscillationsata
few Hz. The oscillationsoccurjust after the sharpdecrease
of vps. Thelower panelof Fig. 6b shaws this electricfield
in the frequeny domain. Similar to the exampleabove, the
strongestlectricfields are found just after the decreasef

vps. IN contrastto the exampleabove, we herefind a few
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Fig. 4. a) The parametew, for all four satellites,with afew specificpo-
tentialsindicated b) the deriative of this potentialfor two satellitesandthe
correspondingross-correlatiorg) thelow pasdilteredpotentialsshiftedin
time to overlap. In thislower panel10 s correspondo about1000km.
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Fig. 5. A sketchof thelocationof the Clustersatellitesandthe orientation
of the magnetopausduring the magnetopauserossingon December31,
2000,near10:17UT. Satellitesl to 4 areindicatedby black, red greenand
blue,respectiely.

small"wavepaclets”, eachcontaininga few ocsillationsat a
few Hz.

An importantpoint is how much of the obsened electric
field variationsaretruetime variationsin thereferencdrame
of the magnetopause@ndhow muchis dueto Dopplershift
in the satellite frame causedby the motion of the magne-
topause. To investigatethis it is usefulto plot the electric
field time seriesfrom eachsatellitein a commonreference
frame,usingthe magnetopauseelocity estimatedabove. In
Fig. 7athe E, componentirom all four satellitesnearthe
outboundcrossingat around10:18UT is plottedasa func-
tion of time. Theredline correspondingo satellite2 is the
sameelectricfield asin Fig. 6a. The first major negative
peakof the electricfield is indicatedfor eachspacecraftAs
for satellite2, eachindicatedpeakoccursnear(within about
a second)the startof the sharprise of v,s. In Fig. 7b the
samdime seriesareshiftedusingthemagnetopauseelocity
obtainedrom changesn thewv,, parameteobsenedoneach
satellite(seeFig. 4). Heretheindicatedpeaksearlyoverlap,
occurringwithin lessthanonesecond.Also, at timesbefore
10:17:38and after 10:17:42in Fig. 7b, the fluctuationsare
rathersmall.

An electricfield with a componenbf a few mV/m in the
negative y directionexists on all four spacecraft.The time
seriesfrom the differentsatellitesarefar from identical,and
it may be arguedthat other peaksshouldalso be indicated
asmajor disturbancesHowever, we emphasizehatwe use
oneparametery,, obtainedonfour satellitesto estimatethe
magnetopauseelocity. This velocity is thenusedto study
anotherparameterthe electricfield, andto find that similar
structureoverlapwhenplottedin themoving magnetopause
frame.

Our interpretationis that the electricfield structuresob-
sened during the outboundcrossingare ratherstaticin the
magnetopaus&ame, and move acrossthe satelliteswith a
velocity of about100 km/s. Normal to the magnetopause,

107

the time scaleof the structureis a few times 0.1 secondin

the satelliteframe, correspondindo a lengthscaleof a few

times10kilometersin the magnetopausikame(asobsered
by singlesatellites).The structuresarereasonablgtaticdur-

ing at leasta few secondgas obsenred by satellitescross-
ing the magnetopausat differenttimes). Along the magne-
topausethelengthscaleis atleastafew hundreckilometers
(theseparatiorbetweersatellites).

In Fig. 8a,vp, for theinboundmagnetopauserossingiear
10:21 UT is shown for all four satellites. In Fig. 8b these
time serieshave beenshifted, using an estimatedmagne-
topausevelocity of (10, 43, 27) km/s, in GSE coordinates.
This correspondso a speedof about50 km/s. Comparedo
theoutbounccrossingit is herelessclearhow to estimatehe
magnetopausgpeed Theblueline correspondingo satellite
4 indicateseither a more structuredmagnetopauseyr fast
time variations. Using the estimatedmagnetopausgeloc-
ity above, the E, componenthiave beenshiftedin time and
plottedin Fig. 8c. Theredline correspondingo satellite? is
the sameelectricfield asin Fig. 6b. As for satellite2, most
enhancementsf the electricfield occurwithin about10 sec-
ondsafter the sharpdecraseof v,s. Satellitesl and2 show
afew wavepacletswith afew oscillationsat a few Hz each.
Satellites3 and4 shav no clearwave paclets,but changesn
the electricfield up to a few mV/m canbe found. No clear
correlationbetweerdifferentsatellitescanbefound.

Our interpretationis that the electricfield structuresob-
senedduring the outboundcrossingare mainly dueto time
variationsin themagnetopausiame.If staticstructuresare
presenttheir length scalealongthe magnetopauselust be
lessthana few hundredkilometers(the satelliteseparation).
Alternatively, they mustlastlessthana few secondgsince
they arenotobsenedby satellitescrossinghemagnetopause
at differenttimes)andwe would not call them“static”. Our
interpretationof the time varying structureds thatthey nor-
mal to magnetopauskave a durationof a few secondscor-
respondingo afew hundredkilometersin themagnetopause
frame (asobsenedby singlesatellites).The structuresnust
lastlessthana few secondgsincethey arenot obsenedby
satellitescrossingthe magnetopausat different times) or
have a scalelengthalongthe magnetopauskessthana few
hundredkilometers(the separatiorbetweersatellites). Our
discussiorabove givesonly limits for possibletime andspa-
tial variations. We interpretthe structuresas mainly time
variationssincethesdimits excludemary reasonablessen-
tially spatialvariations,ncludingverylow frequeng Alfv én
waveswith long wavelengths.

Figures6, 7 and 8 shaw that the strongestklectricfields
occuron time scalesof abouta second,correspondindo a
length scaleof abouthundredkilometerin the frameof the
maoving magnetopauseThis scaleis comparableo anion
gyroradius.(A protongyrofrequenyg of 0.3Hz, andaproton
temperaturef 100eV or 1 keV, correspondo gyroradii of
about1000r 300km, respectiely).

It is interestingto put the detailsof thetwo magnetopause
crossinggdiscussedbove into alarger perspectie. Theve-
locity of themagnetopausduringtheoutbounccrossingeav-
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ing the magnetospheneas(-100,-10,-55) km/sin GSEco-
ordinatesand for the inbound crossing,(10, 43, 27) km/s.
Sincethe satelliteswere positionednearthe nominal dusk-
sidemagnetopausehe magnetopauseelocitiesare consis-
tent with a depressiorwave, i.e., an inward bulge of mag-
netosheattplasma,moving pastalongthe nominal magne-
topauseboundary In thisinterpretationthe outboundcross-
ing with staticelectricfield structurecorrespondto aalarge
scalewave reachingthe spacecraftywhile theinboundcross-
ing with time varyingelectricfield wave pacletscorresponds
to amoreturbulent”backside”of thelarge scalewave.

Differencedetweerthefrontsideandthebacksideof large
scale magnetopaus&vaves are known from other studies,
(e.g.RezeauandRussell,1992; Bale et al., 2001). Prelim-
inary investigationf otherClusterboundarycrossinggiur-
ing thetime periodin Fig. 1, shav both electricfield single
peaksandwavepaclets. The strongeselectricfieldsaretyp-
ically around5 mV/m. Thesestrongfieldsarefoundjust be-
foretheincreasef v,,, orjustafterthedecreasef v,,, asin
Fig. 6, or afew secondgtypically afew hundredkm) into the
magnetospher@r areco-locatedwith the strongesgradient
of v,,. It mightbethataratherflat front sideof alargescale
wave usuallyis associateevith amorestaticsmallscaleelec-
tric field, while a moreturbulentbacksideof the large scale
waveis associatedvith smallscaletimevaryingelectricfield
paclets. A statisticalstudyis neededo confirmary differ-
encedn thefine structureof theelectricfield obsenedatthe
front andbackside®f large scalemagnetopauseaves.

Preliminaryinvestigationf the detailedSTAFF magne-
tometerdatashow thatthe electricfield structuresn Figs.6,
7 and8 areaccompaniedby similar magneticvariations,ei-
thersinglepeaksor wave paclets.Beforevery detailedcom-
parisonsof the electricandmagneticfields areperformed;t
is usefulto considerthe averagepropertiesof the different
fields.

Oneway to investigatehefield oscillationsis to studythe
ratio of the electric E andmagneticB power spectra.This
ratio will of coursevary nearboundariessuchas thosein
Fig. 3 sinceeither E, or B, or both at the sametime, are
large. Electricfield power spectrarom the boundarywhere
satellite4 is leaving the magnetospheraear10:17:30UT,
areshavnin Fig. 9a. Thefirst (blue)spectruntorresponds
theregion of strongeselectricfields, while the next (green)
spectrunis from theregion of someavhatwealer electric,but
strongemagneticfields. Theratio E/B is muchsmallerin
the secondcaseas shavn in Fig. 9b. Note that thesefig-
uresgive anaveragedescriptionof the boundaryregion, and
do notindicatephenomenauchassmall scaleburstsof the
electricfield. Althoughtheratio E/B changesy abouta
factorof 10, the electric and magneticperturbationscould
be dueto samephenomenoiif the changein theratiois due
to achangen backgroundplasmaparametersAlthoughthe
major field perturbationsmay be ratherstaticin the magne-
topausdrame,in a preliminaryinvestigationit is still mean-
ingful to investigatethesefields in termsof the Alfv én ve-
locity. We note that the quasi-statiomagneticfield magni-
tudeis nearlyconstantwhile the densitychangedy abouta
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factorof 25 (0.8 to 20 cm~?3) during the boundarycrossing
nearl0:17:30UT, correspondindo a changeof the Alfv én
velocity of a factorof 5. Theratio E/B changedy a fac-
tor of about10 during this crossing. For a comparisonof
E/B at frequenciesmuch higher than the proton gyrofre-
queng (about0.3 Hz) with the Alfv énvelocity to be mean-
ingful, somemodelmustbe used. A possibleinterpretation
of broadbandspectrain termsof Doppler shifted low fre-
guengy Alfv énwavesis discussedby Stasiavicz etal. (2001)
(for otherinterpretationsanddiscussionsseeWahlundetal.
(1998), Stasievicz et al. (2000), Lund (2001), Stasievicz
andKhotyaintse (2001)).Electricfield power spectravhen
satellite4 is enteringthe magnetospheraear10:21:00UT
areshown in Fig. 9c, togetherwith the correspondingz/B
ratios, Fig. 9d. During this boundarycrossingthe electric
field is strongon the magnetospheriside of the boundary
(blue line), but also during the decreasef v, (greenline)
when also the magneticoscillationsare strong. As for the
previous crossing thesefiguresgive an averagedescription
of theboundaryregion. While Fig. 6 shavs thatphenomena
occurringduring a few secondsamay dominatethe electric
field nearthe magnetopauserig. 9 shavs that even when
averagingover severalsecondgreatcaremustbeusedwhen
selectingregionsfor detailedstudiesandthat varying back-
groundplasmaparametersnustbe considered.

4 Discussionand Conclusions

Broadband(in the satelliteframe) electricfield oscillations
are commonnear crossingsof the boundarylayer and the
magnetopause&onsistentvith earlierobsenations,andcan
have amplitudesat leastup to 5 mV/m. During a crossing,
thesewavesaresimilaronall four Clustersatellitesj.e.,they
are likely to be distributed over large areasof the bound-
ary. We have studiedwavesup to 10 Hz, correspondingo
the approximatevalue of the local lower hybrid frequeng.
Theseoscillationstypically occur nearthe Earthward edge
of theboundarylayer Magneticoscillationsin the samefre-
queng rangearetypically foundin the boundarylayer, and
acrosghe magnetopausel he strongeselectricfields occur
during a few secondsj.e., over distancesover a few hun-
dredkm in the frame of the moving magnetopause scale
lengthcomparabldo theion gyroradius.Preliminaryresults
indicatethat on the frontside of a large scalemagnetipause
wave the electricfields areratherstaticin the magnetopause
frame,while the electricfields on the moreturbulent“back-
side” of the large scalewave consistof time varyingelectric
field wave paclets.

When investigatingaveragewave propertiesover larger
distancescorrespondingo several secondsgreatcaremust
betakensincethesepropertiesmayvary considerablyneara
boundary It shouldbe furtherinvestigatedf changesn the
averagewave properties suchasthe E /B ratio, canbe ex-
plainedby varying backgroundplasmaparametersogether
with someappropriatanodel.

Wavesatthe magnetopauseanbeimportantfor transport
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acrossthis boundary To investigatethe importanceof the
obseredfield oscillations,it is necessaryo revealtheir na-
ture. Several possibilitiesshouldstill be considered Waves
andnearlystaticstructurexanbegeneratedy currentsden-
sity gradientssheaiin the plasméflow, andpossiblyby other
gradients.Waves may alsopropagaten from otherregions
and accumulateat the magnetopauseAlso, very low fre-
gueny waves and static structuresin the moving magne-
topausdrameof referencanay occurat higherfrequencies
in the satelliteframe. Although the electricwave fields are
closely associatedvith the steepslope of vy, i.e., with a
large relative changein density generationby nearbycur-
rentsandachangingF / B ratio dueto changingbackground
parametershouldstill be considered.Currentsat the mag-
netopauseould,at leastin principle, drive the lower hybrid
drift instability (Winske et al., 1990; Shapiroet al., 1994;
Drakeetal.,1994).As in previousinvestigationsthedensity
gradientis onthe Earthwardedgeof themagnetopausgEast-
manet al., 1996). Lower hybrid wave generatiorby den-
sity gradients,and its consequencefor the magnetopause,
has beenconsideredby Gary and Sgro (1990), Treumann
et al. (1991) and Lakhina et al. (1993). Doppler shift of
nearly static structuresto several Hz due to the motion of
the magnetopauskasbeenconsideredy Stasisvicz et al.
(2001). In somescenarios)arge wave amplitudesand re-
connectionoccurwithout ary local instability (Belmontand
Rezeau2001).Also, sheatin the plasmalow usuallyoccurs
acrosghemagnetopausénetypeof generationrmechanism
causingbroadbandvavesat frequencief the orderof the
ion gyrofrequenyg dependsn sheardueto inhomogeneous
plasmaflow, eithercausedy changesn theflow parallelto
theambientmagnetidield (Gavrishchakaet al., 1999)or by
inhomogeneousperpendiculaflows e.g. (Amatucci, 1999;
Koeple etal., 1999; PdianoandGanguli,2000). Recentin-
vestigation®f Frejadatashaw thatsuchperpendiculashear
may well contribute to the generationof waves at altitudes
around2000km in the auroralregion (Hamrinetal., 2001).

The EFW high resolutionelectric field obsenationson
Clustercanbe usedto studythe detailsof the electricfield
andwave structuresiearthemagnetopausen thisarticlewe
have usedthe probe-to-spacecrafiotentialv,; obtainedon
all four Clustersatelliteo find densitygradientsandto esti-
matethe velocity of the magnetopausel his velocity is then
usedto studythe electricfield in the magnetopausé&ame.
The magnetopauseelocity during aneventstudiedin detail
is consistentvith a depressionvave,i.e.,aninwardbulge of
magnetosheatplasma,moving tailward alongthe nominal
magnetopauskoundary Preliminaryinvestigationsndicate
that a ratherflat front side of the large scalewave is asso-
ciatedwith a ratherstatic small scaleelectricfield, while a
moreturbulentbacksideof thelargescalewave is associated
with small scaletime varying electricfield wave paclets. A
statisticalstudyis neededo confirm ary consistentiffer-
encedn thefine structureof theelectricfield obsenedatthe
front andbackside®f large scalemagnetopauseaves.
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Fig. 9. a) andb) Electricfield power spectreand E / B ratiosobtainedwvhen
satellited is leaving themagnetospherandc) andd) correspondingpectra
whenthe satelliteis enteringthe magnetospherelhe blue line correspond
to theEarthward partof eachevent. Timesarein secondsfter10:17:00UT,
Dec 31, 2000. The boundarybetweenspectrafor eachcrossing(43 s and
235s) areindicatedin Fig. 3. Theelectricfield E is the total field in the
satellitespinplane,while B is thetotal magnetidfield.
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