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Abstract. This paper presents the first observations with vection) Magnetospheric physics (magnetopause, cusp and
Cluster of a very dense population of thermal ionosphericboundary layers)

ions (H", Het, OT) locally “accelerated” perpendicularly
to the local magnetic field in a region adjacent to the mag-
netopause and on its magnetospheric side. The observa-
tion periods follow a long period of very weak magnetic ac- 4
tivity. Recurrent motions of the magnetopause are, in the

presented cases, unexpectedly associated with the appei(r)-ns of terrestrial origin are systematically expelled from the
ance inside closed field lines of recurrent energy structure 9 y y exp

of ionospheric ions with energies in the 5eV+01000 eV polar regions over a wide energy range from suprathermal
energies in the polar wind up to several keV over the au-

range. The heaviest ions were detected with the highest en: ral regions (see a review by Yau and Aadd997). The

ergies. Here, the ion behaviour is interpreted as resulting{g tospheric d : f1h . heric i i |
from local electric field enhancements/decreases which adi- 29" < 0SPNENC dynamics ot INESe 10N0SPRETIC 1ons Strongly

abatically enhance/lower the bulk energy of a local densedepend on their initial parallel energy. For ions with very low

thermal ion population. This drift effect, which is directly energy, the convection drift is dominant. They do not bounce,

linked to magnetopause motions caused by pressure chang%ziolzcilgf (: B dsrgt e\;er; ;ﬁ;thlsctgn:trelgégg_s82}25 r:lae%_al
allows for the thermal ions to overcome the satellite poten- P -g. Sauvau ur, ' u "

tial and be detected by the suprathermal CIS Cluster exper}989’ 1993). When projected along the field lines, the ion

ment. Wi fast flowing, L. when detectalye, he cen-CC1Tes Smob ol e onospherc coniecton el
sity (~ 1 cm3) of these ions from a terrestrial origin is (in P » Slightly sup

the cases presented here) largely higher than the local dergla_scaping from the high-latitude regions de« B drifting to

sity of ions from magnetospheric/plasma sheet origin whichthig?eystfs' I';:]ngt b; g:irgfssf:utchhalt;] gﬁhcg‘;tﬁ]n; ?i?c_eto-
poses again the question of the relative importance of solarP€"e plasm x . arg e eq
lent ionospheric convection. In a first approximation, the

and ionospheric sources for the magnetospheric plasma evee?] e . : 1/2 ;
during very quiet magnetic conditions. electric field,E, varies approximately aB~/<, which means

that during periods of strongly enhanced convection, i.e. 0.3—

Key words. lonosphere (planetary ionosphere; plasma con-0.5 km/s, at ionospheric altitudes;"Gons will have a drift
energy of the order of 15eV-50eV in the distant magneto-

Correspondence tal.-A. Sauvaud (sauvaud@cest.fr) sphere. This is well within the energy range of the Cluster
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CIS instruments and above the satellite potential of about 10 CLUSTER 3 31 January 2001
volts in the magnetosphere (plasma sheet). iR R A
The plasmasphere constitutes another potential reservoir Foo o P
of terrestrial plasma. Recent works by Su et al., (2000, 2001) Y54 ISP USRS SR OO SO WSO SUSORS SO NSO SO
have demonstrated that geomagnetic activity increases bring P f f f f f f f F
unusually high densities of plasmaspheric material to the I
dayside magnetopause, as parts of the outer plasmasphere 20| it
are swept away by increased convection (e.g. Chen et al., L
1975). Furthermore, using an imaging device at 80with 2 0
a wavelength emitted by helium ions at the Sun and reso- « |
nantly scattered by plasmaspheric helium ions, the IMAGE P F oo P
mission has recently performed the first remote observations 11 ESSUUU ST 169000 RRNU0ON FOMOUI NCSOONE NP NENUNS DRSO M
of such plumes in connection with activity increases (Burch
etal., 2001). -
After the discovery of ionospheric ion escape into the mag-
netosphere (Shelley et al., 1976), the consensus view is that s
the ionosphere is an important, if not dominant source of ol
magnetospheric plasma (e.g. Chappell et al., 1987). How- 15
ever, only a part of the terrestrial ion distribution has been
properly investigated within the magnetosphere. Mass spec- =
trometer flown in the outer magnetosphere have so far only ‘ ‘ ‘ ‘ ‘
been able to measure a limited portion of the total solid angle. 10 Jrroeeeeeeeeesseeessss o s
These limitations have recently been overcome in the frame
of the Fast, Polar, Equator-S and Cluster projects where the 5
ion mass and energy distribution functions are measured over
~ 47 (see Moore et al., 1995; Shelley et al., 1998nke et -
al., 1997, 2001; Mbius et al., 1998; Carlson and McFadden,
1998; McFadden and Carlson, 1998). Another limitation was
the uncontrolled positive satellite potential. For the Polar and L 1 1 1 1 ;
Cluster projects the satellite electric potential was reduced N s S v/ A
using respectively a plasma source (Moore et al., 1995) and L 1 1 1 1 :
an ion emitter (Riedler et al., 1997). However, the space- T N T T s
craft potential still reaches several volts in the outer dayside L ‘ i : ‘
magnetosphere (outside the dense cusp) which precludes the i i i % : : 1
direct measurement here of very cold and non-flowing terres-  -15L v vl i
trial plasma by using particle detectors. s 10 ° 0 S T s
The first observation indicating that cold plasma may be-

come “visible” in the immediate vicinity of _the mag_ne-_ Fig. 1. Cluster location in a GSE coordinate system on 31
topause supposedly by an enhanced convection electric fielghnyary 2001 around 05:45 UT. Top panel: projection i ,a
was presented by Lundin and Dubinin (1985) However, theR = (Xz + Y2)1/2 frame. Bottom panel: projection in the (
energy, and the angular and time resolution of their dataz) plane.
was insufficient to resolve the properties of this accelera-
tion/convection region. Fuselier (1989) reported evidences
for two distinct OF populations in the dayside sub-solar
LLBL: (i) O™ convected into the boundary layer from the in a layer adjacent to the magnetopause. We show that in-
plasma sheet witlt > 6 keV, and (ii) new field-aligned ®  termittent motions of the magnetopause are associated with
beams £ > 100 eV) injected directly from the high-latitude the appearance of these terrestrial ions drifting perpendicu-
ionosphere. Recently, Chandler et al. (1999) reported fromarly to the magnetic field with velocities corresponding to
the Polar TIDE experiment the detection of a cold plasmaenergies in the~ 10eV to 1000eV range, depending on
population ' < 2eV) flowing along the field lines with a the species. Here, the ion behaviour is interpreted as a re-
parallel velocity of the order of 50km/s in the outer mag- sult from local electric field enhancements linked to magne-
netosphere. These authors propose that cold ionosphertopause motions that are caused by pressure changes. These
ions with initially slow field-aligned speeds were acceleratedmotions give intermittently enough energy to a local, hidden,
upon reflection from the magnetopause. dense thermal ion population, slowly convected there along
In this paper, we present first the detailed measurementthe magnetic field, to overcome the satellite potential and be
of a dense+{ 1 cmi—2) population of low energy ionospheric  detected by the suprathermal CIS experiment on board Clus-
ions, H", Het, O™, detected during very quiet time periods ter.
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Fig. 2. Overview of the ion measurements (without mass resolution) on board Cluster #3 on 31 January 2001 between 05:05 and 06:25 UT.
From top to bottom: ion energy-time spectrogram with color-coded ﬂuxesz,.scster.kewl; density and the three GSE components of
the ion velocity vector. The moments are computed on board.

2 Data sources in the magnetosheath. We also present data corresponding
to a similar observation on 16 February 2001 when the AS-

POC experiment was on, thus keeping the satellite potential
The particle data used in this paper come from the CI“Ste'Zspacecraft 3) below 7 volts.

lon Spectrometer (CIS) experiment which comprisesniie

et al., 1997; this issue): (i) a Hot lon Analyser, CIS-2, mea-

suring the ion distributions from 5eV to 26 keV by combin- 3 Observations

ing a classical symmetrical quadrispherical analyser with a

fast particle imaging system based on microchannel platd=igure 1 presents the position of the four Cluster satellites
electron multipliers and position encoding discrete anodedor the first period of interest on 31 January 2001, around
(Carlson et al., 1982); (ii) a time-of-flight mass spectrometer,05:45 UT in a GSE coordinate system. The magnetopause
CIS-1, which combines a top-hat analyser with an instanta-model is that given by Shue et al. (1997). It has been ad-
neous 360 x 8 field-of-view with a time-of-flight section justed to take into account the solar wind conditions provided
to measure complete 3D distribution functions of the majorby the ACE satellite. (A time delay of 68 min has been ap-
ion species. Typically, these includetHHe™, He™ and  plied for the solar wind travel time between ACE and the
OT. The sensor primarily covers the energy range betweerEarth). Cluster was located at high-latitudes on the dusk side,
0.02 and 38 keV/q. The magnetic field data used in this papevery close to the expected position of the magnetopause. The
comes from the fluxgate magnetometers (FGM) installed onlMF By was largely stronger than tiBy: component, i.e. the
board the Cluster spacecraft (Balogh et al., 1997). These dataow shock was quasi-parallel near the sub-solar point which
are averaged over 1s. For the 31 January 2001 case presentiedknown to favor the generation of Pc-3/5 waves into the
in detail in this paper, the ion emitter experiment ASPOC magnetosphere in association with magnetosheath pressure
was off; the satellite potential varied betwe¢i0 to +15 pulses. The IMFB; component oscillates between small
volts inside the magnetosphere and reached about 4-6 voliositive and negative values until04:30 UT when it turned
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31/Jan/2001

Fig. 3. A close-up of the ion and magnetic field measurements performed between 05:46 and 06:02 UT on 10 January 2001 during several
encounters with the magnetosheath. The two top panels give the CIS-2 ion energy-time spectrograms for Cluster 1 and 3. The time resolutior
is 12. The two following panels display the ion anisotropy measured between 5 and 300 eV on board Cluster 3 in the spi@ pEnand

in a rotating plane containing the spin ax$xSE). The fifth and sixth panels give the ion density and the three GSE components of the ion
bulk velocity. The last panel displays the three GSE components of the magnetic field vector.

clearly negative. It must be stressed that the magnetic acthe solar wind origin, before entering back into the magne-
tivity was extremely weak during the Cluster measurementgosphere. Such magnetosheath encounters correspond, as ex-
and during the 20 preceding hours (the provisional AE stayecpected, to strong anti-sunward plasma velocities (higher than
below~ 50 nT). about 150km/s). Beginning at 05:22 UT, the spacecraft
We will also present data pertaining to 16 February 2001also detected intermittently a dense and low energy plasma
which is also a day corresponding to weak magnetic ac{E < 300eV) with a bulk flow velocity lower than inside
tivity. AE was lower than 50 nT during the measurementsthe magnetosheath. Encounters with such a low energy ion
and the IMF Bx component was nearly constant and of population can be clearly recognized at 05:22, 05:28, 05:38,
the order of 3nT, while the IMFB; and By components  05:44, 06:00 UT.
were close to zero. For that event, the Cluster position Figure 3 presents detailed particles and B field data ob-
(Xese = 54 R, Yose = 49 Rg, Zose = 9.0 Rg) was  tained onboard Cluster 1 and 3 between 05:46 and 06:02 UT
quite similar to that for 31 January 2001 (see Fig. 1). on 31 January 2001, when the four Cluster spacecraft crossed
Figure 2 presents an overview of the Cluster pass from thehree times into the magnetosheath and back into the magne-
dayside plasma sheet to the magnetosheath, between 05:@&sphere (indicated by vertical dashed lines-a15:47:45,
and 06:25UT on 31 January 2001. The upper panel 0f00:52:30 and 00:55:32 UT). ACE data indicate variations in
the figure gives the omnidirectional ion energy-time spectro-the solar wind dynamical pressure by about 25% during this
gram provided by the CIS-2 instrument on board Cluster 3.time interval (not shown). However, we do not exclude the
The middle panel shows the onboard computed ion densityossibility that oscillations of the magnetopause can be due
and the bottom panel provides the three GSE componentt sporadic or time-dependant reconnection. The small satel-
of the plasma velocity. On that day, the Cluster spacecraflite separation< 600 km) coupled to the CIS time resolution
definitively entered the magnetosheath~&6:08 UT. Start- (4 s) and the high velocity of the magnetopauselQ0 km/s)
ing around 05:30 UT, Cluster crossed several times the magdoes not allow one to study the details of the magnetopause
netopause and spent several minutes each time in the magaotion. The two top panels of Fig. 3 display the energy-
netosheath, detecting the dense and fast flowing plasma dfme spectrograms (Cluster 1 and 3) of ions without mass
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Fig. 5. Top: ion distribution function in a plané/(,, V_ ). Bottom:

ina (V| 1, V| 2)plane. The distributions are averaged on board over
12s. The ¥/, V) plane contains the onboard computed bulk ve-

locity. Left, distribution starting at 05:48:50.303. Right, starting at

Fig. 4. lon energy spectra from CIS-2 (averaged on board over 12 s)5:49:14.320 (see text and Fig. 3). These data come from the CIS-2
and energy spectra for Fleand O" from the mass spectrometer gangor (no mass resolution).

CIS-1 (averaged on board over 32 s). Data are taken in a low energy
structure encountered inside the magnetosphere, after the satellite

exits from the magnetosheath-a05:48:20 UT (see Fig. 3). the magnetosheath, low energy ions form a ramp observable

atenergiesinthe 5eV te 100 eV range. When the satellites

re-enter the magnetosphere, they again encounter low energy
separation in the full CIS-2 energy range of 5eV to 26 keV. jons showing a clear energy dispersion for about one minute;
The spectrograms are constructed from the 3D distributionthe energy is decreasing with time. As we will show below,
of the ions. We used here the best available time resoluthjs energy dispersion is apparently due to a change in bulk
tion for 3D distributions at that time (12s). Energy fluxes velocity. These structures are clearly located on closed field
are color-coded. The plasma sheet population is seen ages. This can be appreciated from the values of the compo-
the green area with energies on the order of 1-8keV. The\ents of the magnetic field. Inside these structures, the ion
magnetosheath is seen in the range of 200eV to 1keV andensity reaches about 1 crhwhich contrasts with the den-
the low energy population discussed in this paper appearsity inside the plasma sheet which here does not exceed 0.2—
as energy dispersed signatures with an energy generally bg.3 cn13 (e.g. at 05:50:15 UT). Finally, beginning at around
tween 5 and< 300 eV. The third and fourth panels of Fig. 3, 05:58:15 UT, a last structure shows a bridged shape, the ion
respectively, give the phase and polar angle distribution ofenergy slowly increases and then decreases. During these ob-
ion fluxes with energies between 5 and 300eV. For examservations, the satellites did not encounter the magnetopause.
ple, ions measured during the third magnetosheath encountefowever, the dispersed structure is probably associated with
(05:55:37 to 05:56:03 UT) were flowing in the direction of the magnetopause motion.
phase angles close to I88nd—180C", that is, coming from To unambiguously determine the origin of these low en-
the sunward direction with a broad polar angle range highekrgy jons, we examined in detail the data provided by the
than 50 toward the+Zgsg axis. These directions are con- Cluster ion spectrometer, CIS-2, and the mass spectrome-
sistent with partiCleS traveling, as eXpeCted, from the magneter, CIS-1. Typ|ca| energy spectra beginning at 05:48:46 UT
tosheath at high-latitudes in the dusk sector. Here, the energyC|S-2) and 05:48:42 UT (CIS-1) inside the first structure are
range of 5eV-300 eV has been chosen for display to illustratejisplayed in Fig. 4. F, Het and O" constitute the observed
the dynamics of the low energy ions. The fifth panel displaysjon population. As evidenced in Fig. 3, at 05:48:46 UT, these
the ion denSity measured on board satellite 3 in the full €N-ons are ﬂOW|ng toward the Sun and tOW&F(ZGSE- Pro-
ergy range with a resolution of 4 s (computed onboard). Theons have an energy of the order of 70 eV:'Hens are de-
sixth panel shows the three components of the ion bulk vetected around 200—300 eV and Gons are detected around
locity computed onboard the same satellite and the bottom gpp eV. There is a slight difference in energy between the
panel shows the three components of the magnetic field. Theje+ peak detected by CIS-1 and CIS-2. This is attributed
magnetopause encounters can be identified from gradients ig the fact that the measurements are not exactly simultane-
the ion velocity components and in tiBefield components.  ous, that the energy of the structure is decreasing very rapidly

As a general trend, just before each exit of the satellite into(Fig. 3) and that the ion measurements obtained with CIS-
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s 103 £ 17100 ey nents of the ion bulk velocity parallel
- F and perpendicular to the local magnetic
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L ! ‘ ‘ ‘ ‘ e parallel and perpendicular temperatures
05:48 05:49 05:50 05:51 05:52 05:53 05:54 05:55 computed in the full energy range. The
last panel gives the average ion temper-
UNIVERSAL TIME ature computed from 5eV to 100 eV.

2 are averaged over 12 s, while those obtained with CIS-Istructure encountered after the first re-entry into the mag-
are averaged over 32s. This leads to an artificial broadeningetosphere during the period from 05:48:20 to 05:50:00 UT,
in energy (temperature). However, despite these limitationsclearly shows that the low temperature plasma encountered
Fig. 4 clearly shows that the ion population seen after the reinside the magnetosphere is flowing perpendicular to the lo-
entry of the satellite into the magnetosphere is of ionospherical magnetic field. Since the ions are cold and e B
origin and that ions with different masses are all moving with velocity is large compared to their thermal velocity, they ap-
the same velocity. This has been verified for all low energypear at the same phase in the spin, i.e. for a given value of
structures presented in Fig. 3. V1. Distributions on the left panels of the figure are taken
The characteristics of the motion of these ions have beer! the middle of the energy dispersed structure, while the dis-
determined using their 3D distribution functions. Figure 5 tributions on the right are taken near the end of the structure.

displays these distributions for ions without mass selection! '€ observed dynamical behaviour, i.e. the decrease in en-

in the (v, V11) and (V1. V. 2) planes.V,1 is in the (v, ergy due to a “slow” shift of the perpendicular velocity to-
Vbulk) plane, andv, is perpendicular to bottV,, and wards the origin, is strongly indicative of the adiabaticity of
Vi1 This figiure which pertains to the energy/éispersedthe motion of the ions. We verified that the observed shape
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and variations are representative of all other events displayed

in Fig. 3. Note that some broadening of the distribution dis- 31/Jan/2001 06:00:11 UT

played in Fig. 5 can be due to Me&nd O ions which cannot S o

be distinguished from protons using the CIS-2 spectrometer.
The main conclusions reached from the analysis of indi-

vidual ion distribution functions are substantiated and ex-

tended by detailed computations of the moments of the ion

distribution functions, as exemplified in Fig. 6. Here, the

top panel gives the ion energy-time spectrogram with 62 en-

ergy steps provided by the CIS-2 instrument. The onboard

software sums, for each energy step, the data obtained in

all measured directions during one spin (4s). The result-

ing 1D spectrogram allows for a better identification of fine

time and energy structures when compared to spectrograms

with 31 energies and 12 s resolution (see Fig. 3). The second

and third panels of Fig. 6 display the three GSE components

of the ion parallel and perpendicular velocities computed on

board the spacecraft using 62 energy steps. Inside the mag- w

netosheath, both the perpendicular and the parallel ion ve-

locities are higher than 100 km/s. On the contrary, inside

the magnetosphere, the parallel velocity of the ionospheric

ions is close to zero (05:48:34-05:49 30 UT and 05:53:30—-

05:54:00UT). The kinetic energy variations of these ions

then follows, as expected, the variations of their perpendic-

ular velocity. Note, for example, the inverted U shaped of 5

the structure centered on 05:53:44 UT which exactly follows

the variation in the/; GSE component of the perpendicular 100 1000

velocity. This is further proof that this low energy plasma Energy (eV)

is controlled by theE x B drift. Note also that the satellite

encounters plasma populations with different temperature&ig- 7 lon energy spectra taken in the plasma flow direction by

as shown in the two last panels of Fig. 6. The fourth panelthe non-mass resolving CIS-2 spectrometer. Note the appearance

- : f peaks corresponding to™ He™ and OF with a velocity of
%Vtehset?ﬁpeanrgyge)l/ ar\;ggpeerpendlcular temperatures computeg 140km/s, i.e. an electric field of 2.8 mV/m. The H" tem-

Inside the plasma sheet betwee . S
. t timated fi llian fit is cl to3eV.
05:49:30-05:52:00 UT, the ion temperatures reacB keV rﬂ)era ure estimated from a maxwetian fitis close fo 5

and display a perpendicular anisotrofy (> 7,,). Inside

the magnetosheath, the ion temperatures decrease down to , o

about 300eV. In the regions adjacent to the magnetosheat om the ionosphere by polar wind-like processes.

with a mixture of ionospheric and plasma sheet ions, the tem- This ion low temperature coupled to the plasma large bulk
perature computed over the full energy range is no more adﬂOW allows one to eaSin distinguish different ions with non-
equate to characterize the ion populations. The fifth panemass resolving spectrometer. An example is given in Fig. 7
disp|ay3 the ion temperature Computed in the energy rang@!hiCh pertains to the brldged structure detected around 06:00
of 5-100eV, i.e. in a range adapted to the determination ofJT in Fig. 3. The hydrogen, single ionized helium and oxy-
the characteristics of the low energy (ionospheric) compo-gen components are here clearly apparent. The proton tem-
nent. Here, the ion temperature is lower than 10eV insidePerature is estimated, using a maxwellian fit to-be3 eV.

the ionospheric structures. This value of the temperaturel he plasma velocity is 140 km/s and using ¢ V x B = 0

is an upper ||m|t, as it has been Computed on the groundelation, leads to a value of 2.7 m V/m for the local electric
using only 31 energy steps and 3D distributions averagedield. This value is in good agreement with the 2.5mV/m
over 12s. Individual fits of the 1D distributions displayed in Mmeasured by the EFW experiment (M. Adpersonal com-
Panel 1 of Fig. 6 provide numbers close to 1 eV. This clearlymunication, 2001).

demonstrates that the plasma of ionospheric origin detected Other events, showing similar structures, have been iden-
in layers adjacent to the magnetopause is cold. No strongified in the Cluster data base after the mission commis-
heating mechanisms are acting after the plasma was expellezgioning phase. They are detected quite commonly at high-
from the ionosphere. Note that after 05:54 UT, ionosphericlatitudes in the vicinity of the magnetopause during periods
plasma is detected with a parallel velocity of about 30 km/s,of weak magnetic activity. However, the number of day-
i.e. comparable to its perpendicular velocity (see also Fig. 3)side magnetopause crossings performed after the commis-
this particular observation is reminiscent of that reported bysioning is limited and a complete statistical study will only
Chandler et al. (1999) and suggests that the ions are expelldoe done in the future. An overview of such an event with the

H' (v = 140 km/s, T = 3 eV)

(keV/(s.cmr2.sr.keV))
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Fig. 8. Sam Fig. 6 for an event oc-
XGSE 6.51 6.55 6.55 6.57 659  6.61 6.63 9 .8 Same as Fig. 6 for an event oc
YGSE 515 515 516 516 517 517 518 curring on 16 February 2001 except that
ZGSE 9.08 9.08 9.08 9.09 9.09 9.09 9.09 the density variation has been added to
DIST 12,30 12.32  12.33 12,34 12.36  12.37 12.39 this figure (panel 2).

main characteristic similar to the 31 January case is given inl0:58:30 UT and 20:01:30 UT. Note that the density of the
Fig. 8. The format of this figure is similar to that of Fig. 6. ionospheric plasma is comparable to that measured in the
Magnetosheath-like plasma with energy of about 1 keV is en-magnetosheath. Its temperature (bottom panel) varies in the
countered first during a brief interval from 19:56:10 to 19 range of~ 2 — 15eV.

56:30 UT and then after 20:01:40 UT. The magnetosheath en-

counters are characterized by a strong parallel velocity of the

ion bulk flow. Note that on that day (16 February 2001), the4 pjscussion and summary

magnetosheath density is relatively small (1-2¢éjn Be-

tween the two magnetosheath encounters, the satellite deon 31 January 2001, Cluster encountered the magnetopause
tects low energy ions with almost no parallel velocity. The seyeral times during the interval between 05:30 to 06:02 UT.
energy variations displayed on the energy-time spectrogranthe Cluster satellites 1 and 3 were providing data on that
f0||OW from the VariationS Of the i0n perpendicular Velocity. day For that period, each magnetopause Crossing is accom-
This is particularly clear for the two time intervals, 19:57:00— panjed by the appearance of a layer of ionospheric ions inside
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3.9 Fig. 9. Densities comparisons. Top

32 panel, the CIS-2 energy-time spectro-
gram. Bottom panel, the plasma densi-
ties computed from the CIS instrument

N Cis (black curve) and from the plasma fre-

quency measured by the WHISPER ex-

periment (red curve). Note that both
curves agree only in structures where
the plasma is flowing (see Fig. 3). In-

0.1 side non-flowing plasma regions, the

05:45 05:50 05:55 06:00 06:05 densities differ by a factor of 4 which
is attributed to the effect of the satellite
UNIVERSAL TIME potential (see text).

N WHISPER

the magnetosphere. Plasma composition measurements indilowed down in the same direction. The drift of the thermal
cate that the major ions are'fiHet and O". No evidence plasma caused by magnetopause motion allows us to deter-
for the formation of a well-defined boundary layer with ions mine the composition of the initially cold plasma even with
of solar wind origin was found during the time interval of the non-mass resolving CIS-2 instrument (Fig. 7). Further-
these observations. The cold ions show a repetitive pattermore, it allows one to measure its density which typically
of energy changes. While the magnetopause is approacheaches values of the order of 1 thfor this pass, i.e. about

ing the satellite, their energy increases from the detector lowb times the plasma sheet density.

energy threshold up to about 100 eV for protons. After the These measurements show that ionospheric plasma may,
passage of the satellites into the magnetosheath and just foht times, gain enough energy perpendicular to the magnetic
lowing their re-entry into the magnetosphere, the ion energyfield near the magnetopause to overcome the satellite poten-
decreases from about 100 eV for protons down to the lowestial and become detectable. An important question is then
detectable energy. This behaviour is interpreted due to theatural: are the magnetopause motions revealing a back-
effect of the electric field associated with the magnetopauseground of ionospheric plasma quite broadly distributed or is
motions. The ion motion is set up when the magnetopausehe layer of ionospheric plasma closely attached to the mag-
boundary is pushed inward, and relaxed when the boundnetopause? A direct comparison between the CIS data and
ary is moving out. This interpretation is substantiated bythe plasma density directly deduced from the plasma fre-
the change in the proton distribution functions, which sug-quency measured by the WHISPER experiment is presented
gests the conservation of the first adiabatic invariant in thein Fig. 9 (see Bcau et al., 1997; this issue). The answer
frame moving withE x B. In the opposite case, the ions is clear: CIS is detecting ionospheric plasma only when the
would be accelerated without the possibility of returning to magnetopause motion reveals it. This can be appreciated
thermal energy when the magnetopause is moving far awayrom the good agreement in density values found between
It must be stressed that this behaviour has been revealed fahe two experiments inside the magnetosheath and inside the
protons. For the other species, the data acquisition rate waattached moving layers of ionospheric plasma. However, be-
too low to definitively reach a conclusion about adiabatic- tween encounters with the magnetosheath, the plasma den-
ity. Furthermore, that the energization of the ions is linked tosity directly computed from the plasma frequency stays at a
the magnetopause motion can be deduced from their velocitjevel of about 1 cm?, while the density deduced from CIS
distribution. As exemplified by Fig. 3 (third panel from the falls below 0.2 cn3. In other words, the temperature of the
top), low energy ions are primarily flowing tailward when the plasma is too weak to allow it to overcome the satellite po-
magnetopause approaches the satellite, and sunward whe@ntial. From the distribution function of the ions close to the
the magnetopause retreats. Note that when the magnetopausegnetopause, we found that the transition between plasma
retreats, the ions are flowing primarily along th&csg axis. from the magnetosheath and plasma from the ionosphere can
These signatures are not always associated with the magnée very fast, corresponding to one satellite spin period, i.e.
topause crossing by Cluster. For example, the inverted-Vabout 600 km for a magnetopause moving with a velocity of
shape at 06:00-06:01 UT can be understood as the result df50 km/s.

a bulk acceleration followed by a deceleration of the plasma, A detailed multi-experiment determination of the global
as the magnetopause accelerated outward and then its motialfistribution of this ionospheric plasma inside the dayside and
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