N

N

Ionospheric plasma density structures associated with

magnetopause motion: a case study using the Cluster
spacecraft and the EISCAT Svalbard Radar
F. Pitout, C. P. Escoubet, E. A. Lucek

» To cite this version:

F. Pitout, C. P. Escoubet, E. A. Lucek. Ionospheric plasma density structures associated with magnetopause
motion: a case study using the Cluster spacecraft and the EISCAT Svalbard Radar. Annales Geophysicae,
2004, 22 (7), pp-2369-2379. <hal-00317484)

HAL Id: hal-00317484
https://hal.science/hal-00317484v1

Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Au‘to'flizition
HAL Authorization


https://hal.science/hal-00317484v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Annales Geophysicae (2004) 22: 2369-2379 — "*
SRef-ID: 1432-0576/ag/2004-22-2369 G Annales
© European Geosciences Union 2004 Geophysmae

lonospheric plasma density structures associated with
magnetopause motion: a case study using the Cluster spacecraft and
the EISCAT Svalbard Radar

F. Pitout!, C. P. Escoubet, and E. A. Lucek?

1European Space Agency, Research and Scientific Support Department, Solar and Solar-Terrestrial Missions Division,
Keplerlaan 1, 2201 AZ Noordwijk, The Netherlands
2|mperial College, Space and Atmospheric Physics Group, Prince Consort Road, London, SW7 2BZ, UK

Received: 15 October 2003 — Revised: 29 March 2004 — Accepted: 16 April 2004 — Published: 14 July 2004

Part of Special Issue “Spatio-temporal analysis and multipoint measurements in space”

Abstract. On 5 January 2003, the footprint of the Clus- Let us summarize quickly the main mechanisms that have
ter spacecraft, then orbiting in the dayside magnetospherbeen proposed so far to explain their formation.

near the magnetopause, was in the close vicinity of the EIS- Pulsed reconnection is one of the main sources of po-
CAT Svalbard Radar (ESR) in the dayside afternoon seciar patches. This process may act in two different ways.
tor. This configuration made possible the study of the mag-To understand these, we need to describe a little bit the
netopause motion and its direct consequences on the ion@onsequences of pulsed reconnection on the dayside polar
spheric plasma at high latitude. Cluster observed multipleionosphere and in the ionospheric cusp. After reconnec-
magnetopause crossings despite its high latitude, while orion between interplanetary magnetic field lines and magne-
the ground the magnetic activity was very low, whereas thetospheric field lines, newly-reconnected open field lines will
ionospheric plasma sounded by the ESR exhibited polewardnove quickly eastward or westward (depending on IRl
moving plasma density structures. In this paper, we compareinder the magnetic tension force, and then tend to move anti-
the satellite and radar data, in order to show that the plasmaunward, dragged by the solar wind. At the ionospheric foot-
density structures are directly related to the magnetopausprint of these field lines, there are therefore two main pro-
motion and its associated pulsed ionospheric flow. We pro-cesses acting against each other. On the one hand, magne-
pose that the variations in electric field make the convectiontosheath electron precipitation leads to a slow builtup of the
velocity vary enough to alter the electron population by ac-electron density in the ionosphere (Whitteker, 1977). On the
celerating the chemistry in the F-region and act as a sourcether hand, the same reconnected flux tube undergoes fast
of electron depletion. The magnetopause motion is in thisconvection that favors ion frictional heating and thus, elec-
case, a source of plasma density structures in the polar daytron depletion (Schunk et al., 1975). The combined effect
side ionosphere. of the electron precipitation and convection has been stud-

Key words. Magnetospheric physics (magnetopause, Cuspied by Pitout and Blelly (2003) and was shown to depend

arid boundary layers, magnetosphere-ionosphere interacbn the origin of the flux tube anq on the elgctric field ampli-
tions) — lonosphere (ionospheric disturbances) tude_. In fact, pu_lsed reconnec_tlon may Yyield polar _pat_ches
by either increasing or decreasing the electron density in the

ionospheric F-region.

] Pulsed reconnection has also an indirect effect that is also
1 Introduction thought to produce polar patches. Each burst of dayside re-
connection would be able to chop the solar insolated tongue
of ionization and allow some high-density cold plasma to get

into and drift across the polar cap (Lockwood and Carlsson,

992).

1.1 Polar patches

Polar patches in the high-latitude dayside ionosphere ar
commonly defined as regions of enhanced electron density T
compared to the “background” density. Yet interestingly A similar idea was proposed by Rodger et al. (1994). Ac-

enough, they are most of the time produced by depletion oFOLd'r!g to thest? algthor;s, zor_1atl_ ﬂOW. C?ﬁnges in the |otnof-
the electron population concentration in their surroundings.Sp eric convection dué 1o vanations in the y-component o
the IMF could also lead to polar patch formation by bringing

Correspondence td=. Pitout high-density plasma from the afternoon sunlit ionosphere for
(fpitout@rssd.esa.int) intervals when IMFB,, is positive.
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GEOTAIL - Jan 5, 2003 ent radar observations show that the periodic electric field
associated to ULF waves yields a pulsed ionospheric flow
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5 o N plasma velocity, and the three Cartesian components of the
{ | IMFinGSE.

107 s B 25 = s 1 Over the time interval of interest, that is 10:00-14:00 UT,

the proton density is about 6 crh and exhibits rapid but
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Fig. 1. Geotail data from CPI and MGF with, from top to bottom, weak amplitude variationsH{/—1cm ). The solar ‘_N'nd
the solar wind dynamic pressure, the solar wind density, the solasP€ed ranges from 400 up to 480 km/s. The resulting solar

wind bulk velocity, and the three components of the interplanetaryWind dynamic pressure has a mean value of 2nPa, which is
magnetic field in the GSE coordinate system. quite common. To be noted, a slight increase in solar wind

pressure occurs at11:15 UT.
The IMF, shown in the three last panels of Fig. 1, is a pri-

Another explanation recently proposed is the influence ofori not favorable for strong and effective coupling between
traveling convection vortices (TCV) on the ionosphere. Thethe solar wind and the magnetosphere. As a matter of fact,
region between two vortices, where the plasma flow is fastIMF B, is stable between 0 and +2nT over our time interval
favors ion frictional heating and consequently, would act asof interest (11:00-12:00 UT). ThE-component is strongly
a source of electron depletion (Valladares et al., 1999). negative around-6nT, giving a clock angle close to 90

All'in all, it appears that periodic or pseudo-periodic vari- The IMF reaches therefore the magnetosphere almost hori-
ations of precipitation and/or convection electric field may zontally. Interestingly enough, thé-component of the IMF
potentially lead to the formation of density structures in the follows nearly the same trend as the solar wind bulk velocity.
polar ionosphere. Besides, one of the common character-
istics of polar patches (see a summary of characteristics by
Rodger et al., 1994) is that they are observed when the IMR2.2 CLUSTER
is southward B, negative). We report in this paper observa-
tion of polar patches under slightly northward and strongly On 5 January 2003, the CLUSTER spacecraft (Escoubet et
dawnward IMF. These features lead us to consider anothe@l., 2001) were flying in the dusk sector of the dayside mag-

possibility: the patch formation by ULF waves. netosphere atXgse~2Rg, Yose~10Rg, Zgse~T7RE.
The resulting distance to the Earth is abouiRl2 The satel-
1.2 ULF waves lites were therefore in a good position to fly near the mag-

netopause. They indeed encountered the magnetopause be-
The ionospheric response to ultra low-frequency (ULF)tween~11:30 and 14:00 UT, a time interval over which the
waves is obvious in ground magnetometer data and these ircIS (Reme et al., 2001) and FGM (Balogh et al., 2001) in-
struments are widely used to study the waves (e.g. Mathie estruments on board display characteristics of what looks like
al., 1999 and references therein). Nevertheless, ULF wavesither multiple magnetopause crossings or multiple magne-
have also strong effects on the ionospheric plasma. Cohettosheath plasma injections.



F. Pitout et al.: lonospheric effects of magnetopause motion 2371

C:\cluster\soft\ccat_user\20030105_sc1_CODIF
10 T T T T T T T T T T T T T T T T "

T T T T

§C1 COD3D
H+n (cm™)

107

100l
10°

-s-sr-eV

“m1y

eViem?

10*
0.1

10°

100 W

|

T T T T
200 % Z GSE

@ 100
X

:.%5, .i‘ "” MJH 'L H ‘M i “ M

-100

>
[0}
@]
m

CCATI1.21Wad Mar 17 1031322004

-200

==t~y
RGOl [
(oY NRT N

w

SNBoo

S
WOWND

_‘
==~
—oOoORN [
0000LO 00O

N
SO0

S

- §
Bowooul L

)
(%)
3m
c3H
o
1<}
1S3

m T
2003 Jan 05

Fig. 2. CIS-CODIF data on board Cluster (S/C 1). From top to bottom are shown the proton density, a proton energy spectrogram, the proton
temperature, and the three components of the proton velocity in GSE.

Figure 2 shows CIS-CODIF data for protons from S/C 1  After 13:45 UT, no more high-energy ions are recorded,
between 11:00 and 14:00 UT. From top to bottom are dis-the ion temperature is lower than 1keV. Besides, the density
played the density, an energy spectrogram, the total tempeis around 1012 cré, which is about twice as much as in
ature, and the three GSE-components of the velocity. Thre¢he solar wind and the velocity is strongly anti-sunward and
time intervals, corresponding to three different regions, canduskward. All this is consistent with a spacecraft being in
be identified. the dusk-side magnetosheath.

Before 11:30 UT, only high-energy ions are recorded and More interestingly for our study, the time period be-
the density is very low. This corresponds to trapped particlesween 11:30 and 13:45 UT corresponds to the transition
on closed magnetospheric field lines (dayside plasma sheetjrom the magnetosphere to the magnetosheath. Regions of
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January 2003, the steerable antenna was operated in the so-
called “Cluster mode”. It was pointing toward the magnetic
pole (azimuth—24°) and at low elevation (39. This mode

is particularly suitable to comparative Cluster/ESR studies
(Lockwood and Opgenoorth, 1995).

Figure 4 displays the data recorded by the 32-m dish be-
tween 10:00 and 14:00 UT. The four panels show, from top
to bottom, the electron density, the electron temperature, the
ion temperature, and the ion velocity along the line of sight
as functions of magnetic latitude and universal time. The
ESR system sounds reasonably well the ionosphere between
90 and 800 km in range along the field of view. At3fle-
vation, those ranges correspond to 50 and 600 km of altitude
approximately. Since the dish was pointing at low elevation,
the ion velocity measured gives a good indication of the con-
vection velocity.

The electron density panel shows plasma structures pro-
gressing northward between 10:30 and 13:00 UT. The den-
sity within those structures reachs<50tm—2 while the
background density is at least an order of magnitude less.
It has to be noted, however, that those do not look well de-
Fig. 3. lonospheric footprint of the Cluster spacecraft. The line-of- fineéd and structured compared to typical structures created
sight of the EISCAT Svalbard Radar is in red. The colored lines areby pulsed reconnection that would progress gently poleward.
the iso-potential lines, and 22 and5 are the electrical potentials  The authors admit that this is a very qualitative observational
of the morning and afternoon cells, respectively, as predicted by thdact, but we shall see later that it has its importance.
Weimer-96 model. The electron temperature panel shows regions of enhanced

temperature 2000 K) compared to the background elec-

tron temperature~1200 K). This suggests that weak spo-
lower-energy ions of magnetosheath origin are at times obragic precipitation occurs or/and field-aligned currents flow.
served along with a more or less clear absence of high-energy The third panel also shows poleward moving regions of en-
magnetospheric ion population. We will have to analyze hanced ion temperature (exceeding 3000 K) while the back-
Cluster data in more detail, in order to find out whether thoseground temperature is around 1500 K.
structures correspond to magnetosheath plasma injections or The fourth and last panel on Fig. 4 displays the very pecu-
to magnetopause crossings. Furthermore, it has to be noticeghr behavior of the ionospheric plasma on that day. Between
that neither the density nor the temperature reaches magnground 10:40 and 12:30 UT, the convection velocity exhibits
tOSheath Va|ueS during thOSG events. In addition, in the ena pu'sed behavior W|th both positive (po'eward motion) and
ergy spectrogram, we cannot see the very low energy pronegative (equatorward motion) values successively, ranging
tons in those structures and in fact, the lower energy detecteglom —200 m/s to 400 m/s, typically. We remind the reader
decreases as the satellites got closer and closer to the magat such plasma velocities correspond to electric fields of
netosheath. This suggests that the first structures are rathg mv/m (westward) and 20 mV/m (eastward), respectively.
boundary layer/magnetopause encounters, rather than actughis is clearly observed in the latitude range from 77 to
magnetopause crossings. 79.5 MLAT. This signature is quite different than that of

There are obviously differences between the satellites apulsed reconnection. Such strong equatorward flows are def-
they are not at the same distance from the magnetopause. Taitely not expected in the case of reconnection. It does, how-
understand Cluster observations, one should keep in mingver, look like the response to ULF waves as reported, for
that S/C 4 is the closest to the magnetopause, S/C 3 is thiistance, by Ruohoniemi et al. (1991). The periodic electric

furthest, and S/C 1 is in an intermediate position. field associated with the wave was observed to yield pulsed
flow very similar to these observed here.
2.3 EISCAT Svalbard Radar The phase velocity of the density structures can be es-

timated by measuring their slopes in the electron density
As Fig. 3 shows, the footprint of the Cluster constellation (top panel). This method leads to values between 300 and
passes near the ESR on 5 January 2003 between 11:00 aB@0 m/s, which is consistent with the velocities measured
13:00 UT. The ESR (Bttger et al., 1995) is the latest radar (bottom panel).
of the European Incoherent SCATter scientific organization. We should point out that there is very little activity in
The facility comprises two dishes: a 32-m dish that is fully the data from the ESR field-aligned antenna. This suggests
steerable in elevation and azimuth, and a 42-m dish thathat the ionosphere reacts mainly at latitudes higher than
is fixed and pointing along the local magnetic field. On 5 75° MLAT.
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Fig. 4. Four ionospheric parameters as measured by the ESR-32m antenna as functions of magnetic latitude and universal time.

2.4 IMAGE data The stations installed on the Svalbard archipelago (NAL,
LYR, HOR and HOP) show some wave packets between
The IMAGE magnetometer network lies across Scandinavial1:00 and 12:30 UT. They are observed bothXn and
from Tartu, Estonia (57 CGM latitude) to Ny,&lesund, Y-components and are seen to propagate northward in the
Svalbard (7525 CGM latitude). Figures 5 and 6 display, X-component (phase effect). We should point out that the
respectively, stack plots of th&- and Y-components of amplitude of those waves is very weak, a few tens of nT at
the ground magnetic field from the eight northernmost sta-most. Interestingly enough, there is no or very little coun-
tions. Let us remind the reader that a positive deviation interpart at lower latitudes. It seems that IMAGE magnetome-
the X-component is equivalent to an eastward current (orters only record the southern edge of the wave activity. At
westward convection), whereas a positive deviation ofthe last, theX-component gives us a valuable indication on the
component is equivalent to a equatorward current (or polezonal convection. Although this componentis predominantly
ward convection), provided, of course, that the base line (denegative (eastward convection) before 12:00 UT, its value is
viation 0) is set properly. weak. This suggests that these observations are not made



2374 F. Pitout et al.: lonospheric effects of magnetopause motion

IMAGE magnetometer network 2003-01-05

1 mirute averages

\meﬂ

;f{:/_

IMAGE magnetometer network 2003-01-05

1 minue averages
T

N mf\ww
VN

— 4 — — —| naL

YR

50T

ERRRSSY

s0nT

Mﬂﬂf‘”‘v—m SOR
————— = S = - — 4= —— | sCR
I Wy E
= =
5 2
= W_/VW 5 %_\x\\_/;—: s = — —| KEv
————— — = == = g =% = — = KEv
3 8
i M\/\/\L\cﬂf > o, ey, = — — S| TR
————— = B i ] O e TRO ]
™ ]
e
e :‘\‘.[\vf\f_rv _____ . g —iie—
N et e e T R | MAS
1 1 1 1 1
1 1 1 1 1 1 1 1
11:00 11:30 12:00 1230 1300 FLUEY 11ea0 1200 1230 1200

Hour (U} Heur (UT)

Fig. 5. X-component of the ground magnetic field as measured by &19- 6- Y-component of the ground magnetic field as measured by a
few selected IMAGE stations (with the northernmost station on topfew selected IMAGE statlo_ns (with the northernmost station on top
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on open field lines (weak convection), therefore, not in theter, in order to calculate the vector normal to the magne-
eastward flow channel expected for such IMF conditions andopause. The method determines that direction along which

predicted by the Weiner model (Fig. 3). the quantity{B(’")-ﬁ} has minimum variance. We use M data
points indexed by (m). In other word#g,is determined by
minimizing:

3 Data analysis and interpretation

1 2

2 _ (m) _ ‘A

3.1 Cluster data analysis Y 2‘(8 <B)) :
m=

The prevailing dawnward IMF (Fig. 1) is a priori not favor- Oncef is found, we can project the magnetic field on the
able for having reconnection in the dusk sector of the NOFth-boundary normal coordinate system (L, M, N). The result is
ern Hemisphere. Indeed, reconnection is expected to ocCWhown in Fig. 7, which shows, from top to bottom, tke,
in the morning sector of the Northern HemiSphel’e for neg-y-, andZ-Components of the magnetic field in the GSE co-
ative IMF By (CrOOker, 1988) In order to find out whether ordinate System’ followed by the |_-, M- and N-Components
the magnetosheath plasma sporadically observed by Clustefy the boundary normal coordinate system. No bipolar sig-
CIS is oris not due to reconnection, we have at our disposahatures are visible in the component normal to the magne-
a series of tests. topause J-component). A doubt remains however. As a
First of all, we can search the normal vector coordinatesmatter of fact, Owens et al. (2003) have reported clear FTEs
It has been shown that reconnection events commonly have ghat have no bipolar signature in the magnetic field data.
characteristic signature in magnetic field data: a bipolar be- The next step is to find out whether a deHoffmann-Teller

havior of the component normal to the magnetopause. ThedHT) frame exists. In such a frame, the electric field
minimum variance analysis technique (Sonnerup and Cabhillygnishes:

1967; Sonnerup and Schieble, 1997) has been performed on
magnetic field data from the FGM instrument on board Clus-E' = E + Vg7 x B=0.
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20 ‘ ‘ Table 1. Angles between normal to boundary at exit and entry for
S Ohny g™ . MJMW“ the selected 5 events.
w0 ‘ ‘ Event# Exitand reentry timing Angle between normal
15 12 125 13 (hh:mm:ss) vectors’j
20
1 11:39:33-11:40:08 14.9
= or 7
& 20b At mevﬂx&“wwﬁw W“WVMWW\M 2 11:54:52-11:55:53 (?) 41.5
-0 s 5 i 3 12:06:22-12:07:12 6.5
“ ‘ 4 12:21:20-12:22:12 17.6
€ ol | Wm\m 5 12:20:119-12:31:41 (?) 62
0 L L
1.5 12 125 13
40 T
= f m K moving at Alfven speed in the dHT frame (Khrabrov and
P WWVM\M/\WWN MM %/WW \W\lﬁ Sonnerup, 1997):
o J 3 B(m)
41015 12 125 13 vm _ Vyr = :I:VXn) . =
vt ot por
B PN AN e . . \ M| ,
= o ' A UMW V\WM W\WM” i For all events, the Wah scatter plots of the plasma veloc-
" ‘ ‘ ity in the dHT frame ¢ —Vy7) versus the correspond-
2101-5 12 125 13 ing components of the Alén velocityvg’") reveal slopes
of about 0.2. The plasma in the dHT frame clearly does not
= o her A Nl el W M/w move at Alfven speed.
o W\”/ W‘JW w ' W lW A first conclusion to this data analysis is that, since the
20 w w plasma does not flow at Alén speed in the dHT frame, we

1.5 12 125 13

are not in the presence of rotational discontinuities. Those

_ o structures do not therefore originate from reconnection. The

Fig. 7. Magnetic field as measured by Cluster-FGM on board S/C 4, jternative possibility is that the Cluster spacecraft encoun-
with, from top to bottom, the three GSE components and the threetered the magnetopause at several occasions due to a global

LMN components. motion of the layer or/and a distortion of the layer’s surface

field structure is stationary in that frame. The velocity of the calculated the angle between the normal vectors to the

and Sonnerup, 1997). In practice, one has to find the velocitypcribed above. The idea is the following. If the angle be-
face passing back and forth over the spacecraft. If the normal

We have performed this technique on several structuresqy;ng very small angles (see Table 1), except for events 2

Ejj=Vu7xB™ against each other (not shown). Despite preathing motion rather than a surface wave traveling along

each case. This would suggest that a dHT frame does exigipserved in this case.

this test and consequently, on the actual existence of a dHT

by some surface waves.
The existence of such a frame would imply that the magnetic In order to determine the magnetopause motion, we have
dHT frame can be determined from experimental data by thdooundary for selected crossings, that is, for the exit and the
method of minimization of residual electric field (Khrabrov corresponding reentry. The method used was the MVA, de-
V that minimizes the quantity: tween the two normal vectors is small, ideally zero (in fact
u u 180), it means that the magnetopause acts as a planar sur-
1 o2 1
D)= =3 [EM[ = 23 (v —v) xB™)|. :
V) M mZ=1 M mz=1 x vectors are different, then a surface wave may be the cause
of the crossings (Owen et al., 2003). In our case, we have
corresponding to magnetosheath plgis)ma(rg)bse%?tions. Wehd 5 for which the boundaries are not clearly defined. These
have plotted the two electric fields™ =v"/xB"™ and gl angles do suggest that the magnetopause has an in-out
the poor corre]atioq coefficient due to a substantial .scatterin_g»[S flanks. Besides, a surface wave would imply typical fre-
of the data points, it seems that a slope close to 1 is found ifyuencies in the boundary crossings. No such frequencies are
for each one of the structures. Nonetheless, as mentioned,
the weak correlation coefficient casts doubt on the validity of3.2 ESR data analysis
frame.
The last step is the verification of the \WWaltest. If the

Radar data do not need so much analysis besides the anal-
ysis done by the GUISDAP analysis package (Lehtinen and

structures are of reconnection origin, then they should beHuuskonen, 1996) to extract the plasma parameters from the
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¥osEE &E large amplitude displacements will have dominant effects on
the ionosphere. By using the multi-point capability of Clus-

m L] " Leg o/ ter, we have therefore two complementary ways of tracking
“ “' D §§ large amplitude displacements. First, if S/C 1 and S/C 4,

E %)

which are closer to the magnetopause, fully cross the magne-

topause, then there should be a cutoff in the high-energy ions

o Leg o/ as measured by CIS. Second, being more inside the magne-
D gg tosphere, S/C 3 should be able to detect magnetosheath ions

E {g¥)

only for the larger magnetopause displacements. We have

used jointly these two criteria to identify the magnetopause
- Lod G_/S crossings where we expect to have a measurable effect on the

: ionosphere plasma and fields.
D §§ Figure 8 shows, from top to bottom, ion spectrograms

Bal : from S/C 4, S/C 1, and S/C 3, as well as time series of the
four averaged plasma parameters as measured by the ESR
(see Sect. 3.2). We have marked and numbered 5 events be-
tween 11:00 and 12:30 UT, as follows: 1, 2, 3, 4, 5-41.:40,
~11:55, 12:05, 12:20 and 12:30 UT respectively. It appears
clearly that each inward motion of the magnetopause triggers
sunward ionospheric flows or at least decreases the convec-

1500 (fv\
1000/\/\\/\ /\V j\ /\ W tion velocity, allowing plus or minus a couple of minutes for
"“/\.\\/ VAN
N\ A P\
t t

E (&)

Blactron

temperature (K)  density (x 1e11)

Electran

=

500
4000

propagation and for errors due to the post-integration time
(128 s) of the ESR data.

The two first events of sunward ionospheric flows recorded
by the ESR at~11:05 and 11:20 UT (marked by black ar-
rows in Fig. 8) are very likely due to the magnetopause mo-

3000

lan
temperature (K)

]
\\_/“*\-

1000

500

tion as well. Cluster was probably not close enough to the

E o L/\/\/J magnetopause to encounter it and therefore unable to moni-
g tor its displacement. As a matter of fact, by looking closely
g = at the solar wind data (Fig. 1), it would be more exact to
11300 11:15 11:30 11:48 12:00 12115 12:30 1246 13:00 state that it was the magnetopause that was not close enough
Universal time to the satellites. A non-moving magnetopause should have

been encountered gradually by each satellite depending on
Fig. 8. Space-ground correlation. The three upper panels showtheir respective distance to the layer. On the contrary, the
CIS ion spectrograms from S/C4 (CODIF), S/C1 (HIA), and S/C3 satellites have their first encounter with the magnetopause
(CODIF). The four following panels show time series of iono- shortly after 11:30 UT suggesting that the magnetopause ac-
spheric plasma parameters, as measured by the ESR-32m, averagefhlly moves over them. Figure 1 does reveal that the solar
between 170 and 260 km. wind dynamic pressure increased from 2 to 3nP at around

11:15 UT. It makes sense to think that this yielded a small

) o ) compression of the magnetopause.
raw data. However, we have noticed significant differences We also find wave-like patterns in the ground magne-

between data taken at neighboring ranges (or latitudes), venqrams, suggesting that the information travels by means of
likely due to some noise. In the forthcoming discussion, | F waves.

we have thus decided to average the data between 78 and

79 MLAT, in order to avoid or at least to minimize those

deviations. In terms of altitude, this means that we average; piscussion

between about 170 and 260 km (F-region).

To summarize, we have observed ionospheric density struc-
3.3 Space-ground correlations tures near the footprint of the Cluster spacecraft, which ob-

served non-tangential discontinuity at the magnetopause (no
Let us look closely at the correlations between the ob-injections).
servations made by Cluster and the ESR. When Clus- The magnetosheath plasma that Cluster observes does not,
ter is relatively more inside the magnetosphere, it is easyas we showed, correspond to injections. The only alternative
to imagine that the incursions it does in the boundaryis that the magnetopause moved over the satellite in one way
layer/magnetopause or in the magnetosheath correspond tor another (surface waves, magnetopause motion, or both).
large amplitude displacements of the magnetopause (whatn any event, the magnetic signature on the ground is a ULF
ever the cause). We can also reasonably foresee that thoseave signature.
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Fig. 9. Correlation coefficients between paired ionospheric parameters versus altitude.

Figure 8 shows, in its lower part, the time series of been to alter, so to say, the plasma structures already ex-
the ionospheric plasma parameters as recorded by the ESRting. In this case, though, the plasma structures should
around 78 MLAT. We have numbered five events corre- be clear and unaltered in the very high-latitude ionosphere
sponding to reversed (sunward) convection and identifiedabove 80 MLAT).
two more. These five events are also clearly identified in In order to attempt to solve this problem, we have com-
Cluster-CIS data from all 3 satellites. pared the correlation between four pairs of ionospheric pa-

This surprising correlation suggests that the pulsed ionotameters for each altitude/latitude. Figure 9 shows corre-
spheric flow is a response to the magnetopause motion. Thikition coefficients between paired ionospheric parameters
would suggest, in turn, that the density structures are proas measured by the ESR:.®T,, N.-T;, N.—|V;|, and
duced locally by particle precipitation (electron temperatureT; —|V;| (respectively, from left to right) as a function of al-
high) and/or by electron density depletion due to fast flow.titude.

On the other hand, it has to be noted that the electron temper- The correlation between electron density and temperature
ature is much lower than the ion temperature. This suggesti positive and high when precipitation occurs: precipitating
that electron precipitation is very weak and that the chem-electrons warm up the ionosphere and contribute to increase
istry is ruled by the ions temperature and consequently, bythe density. The first panel (from left) in Fig. 9 shows that the
the convection. correlation coefficient between,Nind T, fluctuates around

However, we would like to discuss a possibility that has 0.5, which is not very high. This indicates that the two pa-
crossed the authors’ mind. The plasma patches could haveameters are linked to each other but that the precipitation is
been created elsewhere and they would have drifted towardgot the only process that affects the electron density.
the field of view of the radar. We already mentioned that the The electron density and the ion temperature are generally
IMF is not quite favorable to effective coupling between the anti-correlated. A high ion temperature enhances frictional
solar wind and the magnetosphere. In addition, if reconnecheating that, in turn, modifies the chemistry in the ionosphere
tion takes place under strong IME, (Crooker, 1988), then and tends to deplete the electron population (Schunk et al.,
it should be in the morning sector according to the IMF ori- 1975). This is well observed in the second panel of Fig. 9,
entation. Could the plasma structures observed have beeup to~270 km of altitude. This is not an altitude affect, as
produced by reconnection in the morning sector? In princi-ion temperature enhancements (due to strong convection) af-
ple, yes. Strong zonal flow channels under northward andect the whole altitude range. This must be a latitude effect.
By-dominated IMF have been already observed (e.g. Nils-Indeed, we saw earlier that the wavy ionospheric convection
son et al., 1997). As matter of fact, in our case, iso-contourgattern was observed up to 79MLAT, which precisely cor-
of electric potential in Fig. 3 clearly show that the cusp re- responds to an altitude of 260 km. Therefore, as already sus-
gion is in the afternoon sector and that the convection is eastpected, T comes into play locally in the formation of density
ward. What the waves would have done then would havestructures.
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When it comes to Y, it is much more difficult to compare topause activity is monitored by Cluster only from 11:30 UT
it with the other parameters, as \as measured by the ESR, onward, because the activity on the ground started much ear-
is only one component of the convection velocity. Besides,lier. However, the time interval we have studied was very
it is not straightforward to link Yand T;, for instance, as;T  interesting and allowed us to draw a few conclusions. The
is not sensitive to the velocity itself, nor to its amplitude, but electron density recorded by the ESR exhibits structures of
to the differential velocity between ions and neutrals. Sinceenhanced density while the flow pattern is very similar to that
we have no measurement of the neutral wind, it would beobserved for ULF wave activity. The patches appear to be, if
illusive to want to draw any conclusion. However, we have not locally produced, at least locally reshaped or altered by
tried to compareV;| with N, and T; (third and fourth panels the varying convection velocity. Comparisons of Cluster and
from left in Fig. 9). The correlation between,Nind |V;| ground data showed that the ionospheric activity is tightly
appears to be weakly negative up to 200 km. This suggesteelated to the magnetopause motion. Cluster data analysis
that convection does affect the electron density, as alreadgllowed us to determine that the movement of the magne-
evoked, by warming up the ion temperature and depleting théopause is an in-out breathing rather than displacements re-
electron population (negative correlation means that a higHated to magnetic reconnection or surface waves traveling
velocity induces a low density). The last panel, which showsalong its flank. The identified sunward ionospheric flow
that the ion velocity and temperature are positively correlatedevents associated with plasma depletion regions correspond
up to about 200 km confirms this. to inward displacements of the magnetopause.

One event remains puzzling. The sunward flow event
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