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Abstract. Plumes, forming at the plasmapause and releasety 1 to 2 orders of magnitude. The configuration and dynam-
outwards, constitute a well-established mode for plasmasics of the plasmasphere are highly sensitive to geomagnetic
pheric material release to the Earth’s magnetosphere. Theglisturbances. During extended periods of relatively quiet ge-
are associated to active periods and the related electric fieldmagnetic conditions the outer plasmasphere can become
change. In 1992, Lemaire and Shunk proposed the existenadiffuse, with a gradual fall-off of plasma density. During in-
of an additional mode for plasmaspheric material release t@reasing magnetospheric activity, however, the plasmasphere
the Earth’s magnetosphere: a plasmaspheric wind, steadilis eroded and plasmaspheric ions can be peeled off and es-
transporting cold plasmaspheric plasma outwards across theape toward the outer magnetosphere.
geomagnetic field lines, even during prolonged periods of Observations and modelling efforts have demonstrated
quiet geomagnetic conditions. This has been proposed othat, for instance, plasma tongues can be wrapped around
a theoretical basis. Direct detection of this wind has, how-the plasmasphere, shoulders can be formed or plasma irreg-
ever, eluded observation in the past. Analysis of ion measureularities can be detached from the main body of the plas-
ments, acquired in the outer plasmasphere by the CIS expemasphere and form plumes (Lemaire, 2001; Goldstein et al.,
iment onboard the four Cluster spacecraft, provide now ar2003; Sandel et al., 2003; Dandouras et al., 2005; Pierrard
experimental confirmation of the plasmaspheric wind. Thiset al., 2008). The in situ observations of the outer plasma-
wind has been systematically detected in the outer plasmassphere obtained by the Cluster constellation provide some
phere during quiet and moderately active conditions, and calnovel views of this region (Dandouras et al., 2005; Darrouzet
culations show that it could provide a substantial contributionet al., 2009).
to the magnetospheric plasma populations outside the Earth’'s Are plasmaspheric plumes the only mode for plasmas-
plasmasphere. Similar winds should also exist on other planpheric material release to the magnetosphere? As indicated
ets, or astrophysical objects, quickly rotating and having anabove, plasmaspheric plumes are associated to active periods
atmosphere and a magnetic field. and to fluctuations of the convective large-scale electric field,
governed by solar wind conditions. In 1992, however, an ad-
ditional way for plasmaspheric material release to the mag-
netosphere was proposed: the existence of a plasmaspheric
wind, steadily transporting cold plasmaspheric plasma out-
wards across the geomagnetic field lines, even during pro-
The plasmasphere is the torus of cold and dense plasmlélmgaj periods of quie_t ge_omggnetic conditions (Lemaire
) . . . and Schunk, 1992). This wind is expected to be a slow ra-
which encircles the Earth at geomagnetic latitudes less,. - :
than about 65 occupying the inner magnetosphere out to dial flow pattern, providing a con_tlnual loss of plasma.from
. the plasmasphere, for all local times and foe-~ 2. It is
a boundary known as the plasmapause (e.g. Lemaire and
Gringauz, 1998; Kotova, 2007). There, the density can drop
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Fig. 2. Cluster C3 (spacecraft 3) orbit, in green, for the

18 March 2002 event, projected on the Tsyganenko (1989) mag-
i netic field model, GSE coordinate system. Orbit Visualization Tool
o mrvroe—om sSSP U ANV S ST plot, courtesy of the OVT team.
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_ o o _ al., 2003), and from the smooth density transitions from the
Fig. 1. Pla_smaspherlc wmc_i form_atlon 5|mul_at|on, as the result from plasmasphere to the subauroral region, observed during quiet
a plasma interchange motion driven by an imbalance between graVzonditions and at various magnetic local times (Tu et al.,

itational, centrifugal and pressure gradient forces. It shows the dIS_-2007). Direct detection of this wind has, however, eluded ob-
placements of the plasma elements (the blue x symbols) from their

initial positions, i.e. the black dots initially aligned along the dipole servaﬂpn in the past. . he fi . | di .
magnetic field lines which are represented by the solid lines (Pier- In this study we provide the first experimental direct evi-

rard et al., 2009). Courtesy of Joseph F. Lemaire, Nicolas @éndr dence for the plasmaspheric wind. It i§ based on the analysis

and Viviane Pierrard, from a numerical simulation availabletgr: ~ Of the ion distribution functions, acquired in the outer plas-

IIplasmasphere.aeronomie.be/plasmaspherewindsimulation.htm masphere by the CIS experiment onboard the Cluster space-
craft.

thus similar to that of the subsonic expansion of the equato2 |nstrumentation
rial solar corona (e.g. Meyer-Vernet, 2007).

The existence of this wind has been proposed on a theThe Cluster mission is based on four identical spacecraft
oretical basis: it is considered as the result of a plasma infaunched in 2000 on similar elliptical polar orbits with a
terchange motion driven by an imbalance between gravitaperigee at about B and an apogee at 198 (Escoubet
tional, centrifugal and pressure gradient forces (Andnd et al., 2001). This nominal orbit allows Cluster to cross the
Lemaire, 2006; Pierrard et al., 2009). Such a radial plasmaing current region, the radiation belts and the outer plasmas-
transport implies that the plasma streamlines are not closedyhere, from south to north, during every perigee pass, and to
and therefore the cold plasma elements slowly drift outwardobtain their latitudinal profile, following almost the same flux
from the inner plasmasphere to the plasmapause, along windube (Dandouras et al., 2005, 2009). Moreover, due to the an-
ing up spiral drift paths. Figure 1 shows the displacements ofhual precession of its orbit, Cluster is crossing the equator at
the plasma elements (the blue x symbols) from their initial all MLT ranges over a year.
positions, i.e. the black dots initially aligned along the dipole  The Cluster lon Spectrometry (CIS) experiment onboard
magnetic field lines which are represented by the solid linesCluster consists of the two complementary spectrometers,
The innermost arc of blue x symbols was thus initially along HIA and CODIF, and provides the 3-D ion distributions with
the innermost magnetic field solid line shown in the figure, one spacecraft spin (4 s) time resolutiore(fe et al., 2001).
etc. (see Pierrard et al., 2009). As shown in this figure, thisFurthermore, the mass-resolving spectrometer CODIF pro-
outward radial transport effect is maximum at the geomag-vides the ionic composition of the plasma for the major
netic equator. magnetospheric species {HHe", Het™ and O"), from

Indirect evidence suggesting the presence of a plasmasa thermal energy of 25eVe ! to about 40keVe!. The
pheric wind has been provided in the past from the plasmaCODIF instrument combines ion energy per charge selec-
refilling timing, indicating a continuous plasma leak from tion by deflection in a rotationally symmetric toroidal elec-
the plasmasphere (Lemaire and Shunk, 1992; Yoshikawa dtostatic analyser, with a subsequent time-of-flight analysis.

Ann. Geophys., 31, 1143t153 2013 www.ann-geophys.net/31/1143/2013/
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Fig. 3. Cluster C3 (spacecraft 3) and C4 data for the 18 March 2002 event. From top to bottom: negative of the spacecraft potential measured
by the EFW experiment (C3 in green and C4 in magenta), which is a proxy of changes in the plasma density; CODIF C3 omnidiréctional H
and He™ energy—time spectrograms in particle flux units (‘(?m_lsr_l keV_l) in the RPA mode (low-energy ion detection); CODIF C4
omnidirectional energy—time spectrogram in particle energy flux units (keVemt sr1kev—1) for H* in normal magnetospheric mode
(energetic ions); spacecraft coordinates in the GSE system, geocentric digtgi@cameter and spacecraft magnetic local time for C3.

An MCP (microchannel plate) detector ring is used to detect The instrument is mounted on the spacecraft platform,

both the incoming ions and the secondary electrons, provideavith the field of view tangent to the cylindrical surface of the

by the time-of-flight system. The detector ring is segmentedspacecraft. At any instant ions arriving along any direction

into 16 anodes, each anode covering 22ZTHhese anodes are in this plane are detected, providing an instantaneous half-2-

grouped into two sections of 18@ach, and only one of the D distribution (over 180), and the anode segmentation pro-

two sections is operated at a time. vides the elevation direction of the incoming ions. The third
In addition CODIF is equipped with a retarding potential dimension of a 3-D distribution is provided by the rotation

analyser (RPA) device in the aperture system, which allowsof the detector plane with the spacecraft spin, which implies

more accurate measurements in th8.7-25eVe® energy  that a full 3-D ion distribution is acquired after a complete

range (with respect to the spacecraft potential), covering thespacecraft rotation (4 s). The azimuthal direction of the in-

plasmasphere energy domain. The operation on CODIF ofoming ions is then given by the spacecraft spin phase.

the RPA mode { 0.7-25eVe? energy range) and of the In this study, data acquired during the operation of the

normal magnetospheric modes 25eVelto~ 40keVe® CODIF RPA mode in the outer plasmasphere are used.

energy range) is mutually exclusive. The same MCP detec-

tor ring is used in both cases. The RPA mode is operated on

1 out of 10 orbits on average, and not always on all of the

spacecraft.
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Fig. 4. Principle for the acquisition of two partial distribution functions: one corresponding to ions flowing radially outwards (blue arrows)
and one to ions flowing radially inwards (red arrows). The left panel shows schematically the position of the spacecraft on the ecliptic plane,
when it was close to the magnetic equator. The right panel shows the CIS-CODIF rotating field of view, first during the portion of the
spacecraft spin phase when it was detecting ions flowing radially inwards (red arrows), and then, half a spin period later, when the same
anodes were detecting ions flowing radially outwards (blue arrows). The thick magenta lines delimit the instrument field ofdigthiin

elevation (anodes selected for this study). The grey-shaded part of the detector is not used in this mode.

3 Observations and analysis nose-like structures and tenuous ion drift bands (Vallat et al.,

2007; Dandouras et al., 2009). It should be also noted that
3.1 Plasmasphere cut in the night-side sector: inside the plasmasphere, as shown by the top panel of Fig. 3,

18 March 2002 event the spacecraft potential is O.

The Cluster spacecraft crossed the magnetic equator at
On 18 March 2002, the Cluster constellation crossed the10549.UT’ atL =4.1, and then exited the plasmasphere at
outer plasmasphere in the pre-midnight sector (23:00 MLT),11:29:28 UT, aL. = 4.7. Note that during the two crossings
during quiet magnetospheric conditions (€fi+). The cor-  ©f the plasmapause boundary layer, inbound and outbound, a
responding orbit plot is shown in Fig. 2. Cluster C3 (space-More energetic ion population appea_rec_j within this thin layer,
craft 3), as shown in Fig. 3, was in the RPA mode detectingumo 20 eV compared to up to 10 eV inside the plasmasphere.
ions in the~ 0.7-25 eV el energy range, while C4 was in a The ion data that will be analysed, in search of signa-
normal magnetospheric mode @5eVel to ~ 40keVel tures of a plasmaspheric wind, are the End He" distri-
energy range). C3 and C4 during this event were very close t§ution functions acquired by C3 in the plasmasphere during
each other, separated by typically 130 km, essentially alon he magnetic equator crossing. Since this wind is expected to
the Zgse direction. They were inbound from the south- e aradial outward flow pattern, partial distribution functions
ern lobe and entered into the near-Earth plasma sheet &€ constructed by selecting equally sized but oppositely di-
09:32 UT, as revealed by the energetic ion populations def€ctéd solid angles, i.e. one solid angle in the phase space
tected by C4 (bottom spectrogram of Fig. 3). The plasma-conta'n'”g all ions flowing radially outwards and one equally
pause was crossed at 10:16:52 UTLat 4.7, when C3 en- sized solid angle containing all ions flowing radially inwards.
tered into a dense population of Iow-ener’gey 10eV) H In the absence of any net outward (or inward) plasma flow the
and He ions, shown in the two middle panels of Fig. 3 and SPace phase densities in each of these two oppositely directed
characteristic of the plasmasphere (Dandouras et al., 2005§°!id angles should be equal. o . _
The negative of the spacecraft potential for C3 and C4, mea- Figure 4 shows ;Ch.ematl.callly the pI’InCIple used in defin-
sured by the EFW experiment (Gustafsson et al., 2001) ané9 these two partial ion distribution functions. They both
shown in the top panel of Fig. 3, is a good proxy of Ch(.ﬂngescorrespond to the ions detected by the four central detector
in the plasma density (Pedersen et al., 2001, 2008). It con@n0des, covering in elevatiah45” above/below the space-
firms the entrance into the plasmasphere, almost simultaneZraft spin plane, which is approximately the ecliptic plane.
ously for C3 and C4. At the same time, the intense fluxes of & 8zimuthal range covered by each of these two partial dis-
energetic ions, measured by C4, gave their place to multiplé”b“t'on functions is 67.5 corresponding to three adjacent

Ann. Geophys., 31, 1143t153 2013 www.ann-geophys.net/31/1143/2013/
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Search for Plasmaspheric Wind:
comparison of the two partial (in azimuth) distribution functions
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Fig. 5. Partial distribution functions in the outer plasmasphere and close to the magnetic equator, corresponding to ions flowing radially
outwards (blue plots) and to ions flowing radially inwards (red plots). Left panel is foidfs and right panel is for Heions. Ordinate
axis is in phase space density units (iohsa~5). The systematic imbalance between the outwards and inwards propagating ions reveals a
net outward flow.

elementary azimuthal bins of 22.8ach one, and is centred is for He" ions. Phase space density of ions moving radi-
on the radially outward/inward directions respectively. Theseally outwards is plotted in the blue curves, whereas for ions
two directions are defined with respect to the centre of themoving radially inwards it is plotted in the red curves.
Earth. The two oppositely directed partial distribution func-  These plots reveal a clear imbalance between the outward
tions are constructed by acquiring ions arriving only in the and inward moving ions, both forHand for He™ ions, cor-
corresponding portion of the spacecraft spin phase, and byesponding to a net outward flow. Note that this imbalance
accumulating data during 16 successive spins (64 s). Durings systematic for all plasmaspheric ion energies, and for each
each spin both partial distribution functions acquire data, al-energy channel there are typically twice as much ions moving
ternating between them every half spin period. In this wayradially outwards than there are moving radially inwards. A
sufficient counting statistics are accumulated and any effectsotal of ~ 1300 detected H ions populate these partial dis-
due to eventual temporal variations in the plasma are retribution functions.
moved, because the two oppositely directed partial distribu- Figure 6 shows again these partial distribution functions,
tion functions are acquired over essentially the same 64 s pebut in a 2-D x-y plot (GSE plane). The net outward flow
riod, with a time shift of only 2 s between them. is again present. The spacecraft velocity has been removed

With this technique the same detector anodes are used toere. Its effect is however negligible in these partial distribu-
acquire the two oppositely directed partial distribution func- tion functions because the spacecraft is moving mainly along
tions, which are thus obtained with the same transfer functhe z-axis, from south to north. The absence of ions in the
tions and particle detection efficiencies. This implies that anycentre of this 2-D distribution (white circle) is the effect of
eventual drift in the instrument calibration would have no ef- the lower energy threshold of the CODIF RPA Q.7 eV).
fect on the end result, because it would affect both partial
distribution functions in exaCtIy the same way and would n0t3_2 P|asmasphere cut in the afternoon-side sector:
introduce any instrument related asymmetry between them. 4 July 2001 event

The partial distribution functions derived as described in

the above paragraphs, close to the magnetic equator, algnsther example of a Cluster crossing of the outer plasma-
shown in Fig. 5. Left panel is for H ions and right panel sphere during quiet magnetospheric conditions €<bt),

www.ann-geophys.net/31/1143/2013/ Ann. Geophys., 31, 114853 2013
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Fig. 6. Partial 2-D distribution function in the outer plasmasphere and close to the magnetic equator, in the x-y plane TG&E fldwing

in the two 67.8 wide azimuthal sectors that are centred on the radially outward/inward directions respectively. Measurements in azimuthal
directions other than these two 67 $ectors around the radial direction have been masked for clarity. The white circles at the centre and at
the outer edge of the distribution correspond to the RPA lower and upper energy limit respectively. The spacecraft velocity has been removed.
Phase space density units (ioR&s1~5).

but this time in the afternoon sector (15:00 MLT), is shown 3.3 Distribution of observed events in the equatorial
in the 4 July 2001 event of Fig. 7. The plasmapause boundary plane
is less sharp than for the 18 March 2002 event, but there is
a clear entry into the plasmasphere at 11:29 UT, at5.4.
The Cluster C3 spacecraft crossed the magnetic equator fro
south to north at 12:12 UT, dt = 4.0, and then exited the
plasmasphere at 12:48 UT, at=4.8. Following the exit
from the plasmasphere, a plasma plume was observed
12:58 UT, very close to the plasmapause.

The two oppositely directed partial ion distribution func-
tions, acquired for ions moving radially outwards (plotted in
the blue curves) and for ions moving radially inwards (plot-

te? ml trt1e dred.curt\r/]es), are tplo:]te_d n F'g]; 8.t;hiséel\;1avi 2%% resents a strong local-time dependence due to the superpo-
calculated using the same technique as for the arc ition of a radial corotation electric field with a mainly dawn

event, and adapting the selected elementary azimuthal binst& dusk convection electric field (e.g. Volland, 1973: MclI-
the MLT position of the spacecraft during this event, so as to ) '

) ! 2 ) wain, 1986; Pierrard et al., 2008). This convection electric
represent the radially outward/inward directions reSpeCt'VelyTield configuration has been often used to explain the erosion
These patrtial ion distribution functions reveal again the

imbal bet th ward and i d .~ of the plasmasphere and the formation of plumes, with the
§ameb|rr;ha]}an|fre Z\;\/ee}: o € outward an é'f‘watr movt'n%ost salient feature the formation of a large-scale plume in
lons, both for Hand for lons, corresponding 1o a Net 4 afternoon sector (Goldstein et al., 2003; Darrouzet et al.,

outward flow. 2009). The here-observed outward plasma flow, in the outer
plasmasphere, constitutes apparently another mode for plas-
maspheric material release into the magnetosphere, which
operates continuously and in all local-time sectors.

Six Cluster equatorial crossings of the outer plasmasphere
'Rave been investigated in detail (cf. Table 1). All these cross-
ings occurred during quiet or moderately active magneto-
spheric conditions (Kp: 3), for which the RPA mode was
operation. During all of these the same net outward flow
was systematically observed. Figure 9 shows the distribution
of these events in th&gse-Ygse plane. It appears that this
outward plasma flow occurs in all MLT sectors, and thus it
is not related to the local electric field configuration, which

Ann. Geophys., 31, 1143t153 2013 www.ann-geophys.net/31/1143/2013/
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Fig. 7. Cluster C3 data for the 4 July 2001 event. From top to bottom: negative of the spacecraft potential measured by the EFW experiment,
which is a proxy of changes in the plasma density; CODIF omnidirectioffahiid He"™ energy—time spectrograms in particle flux units
(cm‘zs_lsr_l keV_l) in the RPA mode (low-energy ions detection); spacecraft coordinates in the GSE sigiarameter and spacecraft
magnetic local time.

The average radial outflow velocity, as deduced from theTable 1. Cluster equatorial crossings of the outer plasmasphere
anisotropy of the ion distribution functions, is 1.4 kmis analysed, during quiet or moderately active magnetospheric con-
Considering the following, we can calculate the resulting ditions, for which the RPA mode was in operation. The distribution
plasma loss rate from the plasmasphere to the outer magn&f these events in th¥gseYGse plane is shown in Fig. 9.
tosphere: (a) a total plasma density of the order of 100%m
in the outer plasmasphere and at a geocentric distance of typ- Day Month Year ~ UT = Xgse Ygse Kp

ically 4 Rg, as deduced from the measurements of the WHIS- 4 7 2001 12:12 2.23 353 4
PER sounder experiment onboard Clustegé¢®Bau et al., 9 8 2001 05:08 3.89 1.68 2
2001; Darrouzet et al., 2009); (b) a continuous radial outflow 27 12 2001 14:58 -1.65 -3.92 2
that at these distances is essentially for the plasma between 18 3 2002 10:49 —4.22 114 %
30° north and 30 south geomagnetic latitude, i.e. over & 2 6 2002 1322 011 434 3
(cf. Fig. 1). It results that 5x 10?8ions s are continuously 4 10 2006 06:53  3.54 -1.38 I-
escaping from the plasmasphere, transported by this plasma-

spheric wind.

During high-activity periods, however, plasmaspheric out-

flows are dominated by plumes released from the plasma-
4 Discussion and conclusions pause.

Following the erosion of the plasmasphere after a severe

The anisotropy of the low-energy ion distribution functions geomagnetic storm, the plasma refilling timd.at 3 can be
acquired by the CIS experiment onboard Cluster in the outed days or even as long as 8 days (Park, 1970; Kotova, 2007;
plasmasphere, close to the equatorial plane, has been used@bana et al., 2010). Considering a simple refilling scenario,
order to reveal a systematic radial outflow of the plasma. Thiswith an ionisation flux varying with time as the equatorial
outflow has been observed during all quiet or moderately acdensity increases, Lemaire and Schunk (1992) estimated the
tive magnetospheric conditions events analysed, in all MLTequatorial densities in drifting and refilling flux tubes and
sectors, and is consistent with the plasmaspheric wind pronoted that a flux tube located &= 4 Rg would take only
posed on a theoretical basis by Lemaire and Schunk (1992R.5 days to completely refill and reach a state of diffusive

www.ann-geophys.net/31/1143/2013/ Ann. Geophys., 31, 114853 2013
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Search for Plasmaspheric Wind:
comparison of the two partial (in azimuth) distribution functions
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here. Evidence for such a continuous plasma leak, outside the
plasmapause, has been also provided by global EUV imaging
of the plasmasphere (Yoshikawa et al., 2003).

The here-calculated plasma transport rate due to the plas-
maspheric wind~ 5 x 10%%ionss! constitutes a plasma
source for the outer magnetosphere which has to be com-
pared to the other known plasma sources. The solar wind
source is of the order of 10?”ionss 1 and the high-latitude
ionospheric source is of the order of10?%ionss™t, vary-
ing by a factor of~ 3 as a function of the activity level
and particularly dependent on the IMF orientation (Moore
et al., 2005; Haaland et al., 2009; Li et al., 2012). The
plasmaspheric plumes, which are a persistent feature dur-
ing active periods, contribute during these periods by typi-
cally ~ 2 x 10?%ionss! to the magnetospheric populations
(Borovsky and Denton, 2008). It appears thus that the plas-
maspheric wind constitutes a substantial plasma source for
the magnetosphere, outside the plasmasphere, which is com-

which a net outward plasma flow was observed by Cluster insideparable to the other sources and which operates continuously,

the outer plasmasphere.

even during prolonged periods of quiet geomagnetic condi-
tions.
Can these ions be detected in the outer magnetosphere,

equilibrium. This refilling timing difference, between calcu- once they get outside of the dense plasmasphere? Detection
lated and observed times, suggests a continuous plasma leak low-energy ions in tenuous plasma environments is com-
from the plasmasphere, even during quiet conditions, conplicated by the positive charging of the spacecraft in these
sistent with the plasmaspheric wind observations reported
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Fig. 10. Cluster C1 data obtained in the dayside outer magnetosphere on 8 January 2013, after a prolonged period of very quiet
magnetospheric conditions. From top to bottom: HIA omnidirectional ion energy—time spectrogram in particle energy flux units
(keVem 2s1sr1kev—1); ion density measured by HIA in particlescry ion temperature in MK; spacecraft coordinates in the GSE
system.

regions, up to several tens of volts, due to photoelectrorter spacecraft operation, during which the high-inclination
emission from the sunlit spacecraft surfaces (Pedersen et aloyrbit allowed surveyance of the high-latitude magnetopause.
2001, 2008). However, a recently developed technique, baseWith the spacecraft orbit evolution, however, it is now pos-
on the observation of the wake formed behind the chargedible to examine the lower latitudes. Such an observation
spacecraft by the supersonic flow of the low-energy ions, al-by the CIS-HIA instrument, in the outer dayside magne-
lows the detection of these populations (Engwall et al., 2006tosphere at equatorial latitude€dsy=1.5Rg for R =
2009). An analysis by Andrand Cully (2012) of the Clus- 10Rg, MLT =13.6), is shown in the example of Fig. 10.
ter dayside data, using this technique, showed that the lowFollowing a prolonged period of very quiet magnetospheric
energy ions can dominate 50-70% of the time the regionconditions (several days of Kp between 0 and 1), the HIA
inside of the magnetopause, even at sectors where no plasensor intermittently detected this “hidden” dense popula-
maspheric plumes are observed. This provides additional evtion of cold ions as a series of bursts at around 20:02, 20:18,
idence for the plasmaspheric wind. and 20:38UT on 8 January 2013. The measured ion den-

These low-energy ions, in the outer magnetosphere, casity reached then values up+020 cnt3, against an ambient
also be detected by measuring the difference between the tatensity of 0.5 cm? in the dayside plasma sheet.
tal plasma density, provided by the plasma frequency, and the All these observations provide a consistent picture for the
hot ion density measured by a particle detector as the ClSexistence of a plasmaspheric wind, steadily transporting cold
HIA instrument (Sauvaud et al., 2001). Following long peri- plasma outwards, across the geomagnetic field lines. This
ods of very weak activity, low-energyH Het and O" ions  wind can provide a substantial contribution to the magneto-
can be detected in a region adjacent to the magnetopause asgheric plasma populations. Similar winds should also ex-
on its magnetospheric side. Recurrent motions of the magneist around other planets, or astrophysical objects, that are
topause accelerate these ions, which can then gain adequateickly rotating and have an ionised atmosphere as well as an
energy to overcome the spacecraft potential barrier and beintrinsic magnetic field, and would constitute an additional
come intermittently detectable by the ion instrument. mode for atmospheric escape into space.

The low-energy ion observations reported by Sauvaud et
al. (2001) were performed during the first year of the Clus-
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