General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



»

RECEIVED BY.

ESA - %0S
DATE: : 2 2 m w

ocar vo. (32 d7Idle
PROCES2ED BY

[ NASA STI FACILITY

 [(LESA-SDS [] AIAA

~

v

(NaSA-Cr-1740€4) CoLL 3TuEAHSE OF
LCNOSPiLRIC UXYCLNM IN Iite cLBSEA SHI:D
DUhalNs ThL LVENL (I

-LAn-b BAFCH 22, 1€75
(Cousljlic daciorale delle riceccae) 20
uC a403/4t Aul

R A st

A



LULLE STRERMS UF TUNOSPHERIU OXYGEN

DURING

5.

Hi.

W

Irhl-83-10

IN THE PLRSMA SHEET
THE CDHRW-B EVENT OF MARCH 22,

lrsinti, E. Hmata, M. Candidi

19783,

Halsiaer, M. Stokholm, L. Huang

tennartsson, P, -A. Lindqgvist

December 13883

ol vl

S

e i

A b

b i 8 b s e



COHLLD S REFHMS OF TONUSPFHERTL UXYGREN
IN THE Pt HSMH SHEET
LHURING THE CDRAW-t EVENT (IF MWRCH 22, 19/9.

8¢

5. UOrsini, E. Hmata, M. Landidi
lstituto di trisica delto Spazio Interplanetario
CNR, L. F. 27, UU044 Frascati (Roma), Italy

H. Balsiqger, M. Stokholm
Fhysikalisches [nstitut
Univeri a1ty ar Hern, 301Y Bern, Switzertand

L. Huang
Dept. ot FPhysics and Hstronomy
University ot lowa, lowa Uity, Jlowa 52243 USAH

W. Lennartsson
Lackheed Falo Hlto Research Laboratory
Fato Hlto, TCa. 94304 USSR

F. -4, Lindgvist
Uept. of Plasma Physics
Royal lnstitute of Technology, 10044 Stockhoim, Sweden

Submitted to JGR

IFSI-84-16 December 1983



NS I
HHS TRIEL

During the March <&, 1474 wubhstorm events the plasma and  ion
composition experiments in the [SEE-1 and -2 satellites detected
cold lonospheric U+ streams, maving tailwards in the near earth
magnetotail with the tollawing properties.

1. The streams flow 1s parallel to the maagnetic tield lines,
with an ExB drift velocity which is 1n  agreement with the
electric field topology obtained by mapping the model
ionospheric field aleng the magnetic tield lines.

2. Fluctuations of the tlow velacity ot the streams can be
related to magnetotail movement«. Un the other hand oscil-
lations of the flow Jdirection and speed with periods ranging
from S to 10 minutes are observed, that suqgest the preswice
of waves.

3. The streams are observed at all distances between 15 Re and
& Re trom the carth., When averaged over 460 dearees the
streams show up as a low enerqy peak, superimposed - the
distribution “f 1s0trapic plasma sheet ions. This
double-peak structure ot the enerqy spectrum seems typical
of the disturbed plasma sheet and is possibly related to
similar observations made by the GEUS-2Z sastetlllite at dif-
terent Local times in the equatorial plane.
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INTRODUCTIOUN

For many years one of the most intriquina questions of
magnetospheric physics has been the oriqin of the ions and
electrons of the plasma sheet during geomagnetic quiet periods
and during active periods. RAlthough new insight into this problem
has been gained in the Llast vyears, there still exist many
unsolved issues.

It is now well known that both solar wind and ionospheric
particles contribute to the plasma sheet enerqetic hot plasma
with different rates, which wvary according to the qlobal
magnetospheric activity (Peterson et al., 1981; Lennartsson et
al., 1881). Sharp et al. (1882) pointed out that during active
periods ionospheric particles (mainly 0O+) contribute to the
plasma sheet composition by more than 40% in the energy ranqge
between 0.1 and 16 Kev, while the solar wind components (H+ and
He++) dominate (~35%) during quiet perioads.

One open question is still to be answered, concerning the
plasma flow pattern between the high latitude ionospheric reqion
where ionospheric ions should be accelerated and solar wind ions
are thought to be mirrored and the plasma sheet. Rosenbauer et
al. (1975) suggested that the particles, which adiabatically flow
tailward along the magnetic field lines, could be drifted towards
the central magnetotail axis by the ExB/B’' effect.

The ion composition and plasma experiments on board ISEE-1
and -2 satellites detected both O+ and H+ ions, streaming rouaghly
along the magnetic field lines, in the magnetotail Llobe region
and in the low latitude plasma mantle at 15 - 20 Re distarces
froa the earth (Formisano et al., 1881; Sharp et al., 18981;
Candidi et al., 1882; Candidi et al., 1983). These streams have
been detected to drift towards the BGSM X axis, because of the DC
electric field topoloqgy present in the tail, so that these could
be able to reach the plasma sheet through the boundaries between
the plasma sheet and the lobe - plasma mantle regions (Orsini et
al., 1982). As a matter of fact, Orsini et al. - (1983) observed
these streams to cross the boundary and to penetrate in the
outher plasma sheet, where another mechanism should enerqize and
thermalize the ionospheric and solar wind particles once they are
convected again towards the earth (Pilipp and Morfill, 1878)

In the present study we will report about the observation of
these 0+ streams inside the plasma sheet and in the lLobe reqion,-
during the two substorm periods of March 22, 1979, between 15 Re
and B Re, along the inbound Leg of the ISEE satellites orbit. We
will show that the streams flow pattern on the GSE XY plane al-
lows to trace the north-south electric field structure in the
plasma sheet at various distances in the magnetotail; furthermore
we will discuss some fluctuations of the 0O+ flow velocity and
direction which occur during this event, which can help in
understanding the magnetotail dymamics during the substorms.
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EXPERIMENTS

Data from several experiments have been used in the presenrt
gstudy. The technical details for each of them can be found in the
literature, as referred in the following.

The main body of data has been taken from the ISEE-2 plasma
experiment (PE) (Bonifazi et al. ,1978); the data from the ISEE-1
ion composition experiment (ICE) have been used to identify the
ion species (Shelley et al., 1978); electric field data from the
ISEE-1 satellite (Mozer et al.,1878) have provided the vector
electric field for comparison with the GSE Z component of E as
computed from the oxygen ions drift; data from the 1SEE-1 LEPEDER
(Frank et al., 1978) have provided information on the three
dimensional drift for @ cross check of the various data sets;
some additional data from the GEOS-2 ICE package (Balsiger et
al., 18786) and from the GE0S-2 maqnetometer (Candidi et al.,
1874) have been used to extend the analysis to a different Llocal
time sector.
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UBSERVRTIONS

Figure 1 shows the GSE and GSM projections of the ISEE-1 and
ISEE-2 orbits (together with the orbit of GEOS-2). For the time
interval between 1100 UT and 1700 UT, during which oxyqen ion
streams were observed by the ISEE-2 plasma experiment, the ISEE
satellites were inbound between 15 and 5.5 earth radii; in the
BGSM reference frame X increased from -13 to -4, Y from -7 to -4
and Z decreased from -1 to =3 Earth radii. The satellites
explored therefore the southern dawn side near earth magnetotail,
and approached the inner edge of the plasma sheet; there was an
excursion into the southern lobe region (Manka and McPherron,
1883), as will be e ‘ident in the plasma data, between 14068 and
14853 UT.

Typical examples of the appear.nce of the ion streams in the
ISEE-2 plasma experiment data are qiven in figure 2; each panel
shows the intensity of the differential flux (grey shade ac-
cording to the right side code) of the detected ions as a
function of the GSE X and Y components of the equivalent proton
velocity, projected into the sclar ecliptic equatorial plane; the
broken line is the direction of the projection of the ambient
magnetic field (courtesy of C. T. Russell, UCLF). In all cases
the ions flow direction is close to the magnetiz field, with wide
fluctuations of the temperature; the upper left pamel refers to a
detection of a hotter beam than in the upper right panel, and the
two lower panels to cases when the beam is cold and the flow
direction and enerqy vary on time scales shorter than the
experiment resolution of 96 seconds. In all panels the wvelocity
scale has been Llimited so that only Llow enerqy ions are
displayed.

The higher enerqy plasma sheet population is evident in
figure 3, in which the enerqy per charge spectra are shown for
the whole period 1000 UT to 1730 UT. The single plots are
averages over 40 minutes of the ISEE-2 plasma experiment data;
the left panel is the differential flux inteqrated over the 180
degrees angular sector including the tailward and dawnward
flowing ions; the right panel is the differential flux inteqrated
over the remaining sunward and duskward sectors. RlLL of these
(with the exception of the 1410 UT panels) reveal the high energy
ions between roughly 100 eV and 10 keV that are the signature of
the plasma sheet hot ion population. It |is symmetrically
distributed between the two panels. Rfter 1121 UT, at Llow
energies and in the left panel only, the cold flcwing ions are
shown as a distinct peak, that fluctuates in enerqy and
intensity. The single panel at 1410 UT shows a period when ISEE-2
transits into the southern lobe. It is interesting to note that
the apparently very uniform signatures in the ions enerqy and
angular distributions are observed while the satellites move
earthward between 15 and 5.5 earth radii. From figure 3 it is se-
en that ISEE-2 is always in the plasma sheet in the period in
analysis, except for the 40 minute average 1410 to 1450 UT when
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the satetlite is located in the plasma lobe; in both reqions the
streaming particles are observed. .

The Low energy peaks in the left panels of fiqure 3 are due
to cold ions that are identified to be oxygen ions by a
comparison with the corresponding ISEE-1 ICE data during the same
period. This comparison is shown in fiqure 4 which also displays
the BEQS-2 ICE data for the same time intervals. The upper panels
are again averages (over different time ranges with respect to
figure 3) of the ISEE-2 plasma experiment data; the ISEE-1 ICE
data are displaied for comparison in the middle panels. [n both
cases the ICE data reveal that the Llow energy ions are
predominantly oxygen ions, while the hot plasma sheet component
is predaminantly made of protons.: There is a slight difference
between the energy of the oxygen ions measured by the two
instruments; this is consistent with the fact that the two satel-
Llites are located at GSE X positions that differ by 2 to 3 earth
radii, while the Y and Z coordinates are much closer; in this
configuration it is expected that ions detected at ISEE-1, that
is trailing, should have higher energies than those detected at
ISEE-2, that is leading (Candidi et al., 1582). In fact, due to
the dawn to dusk magnetotail electric field, ions flowing from
the ionosphere towards the magnetotail on high latitude magnetic
field limes will be subject to a drift perpendicular to B, The
flow direction of the streams results from the vectorial sum of
the ExB/B drift velocity and the parallel velocity; because this
Latter depends on energy, the higher energy idons will flow at
smaller drift angles than the lower energy ions and they will be
driven into the equatorial plane at LlLarger distances from the
earth than the lower energy ions (Rosenbauer et al., 1875). In
the case considered the energy dispersion is higher than what
expected and this would imply higher than wusual cross tail
electric fields. The lower panels of figure 4 show the GE05-2 ICE
data for the same UT time periods. In these we notice a high
energy hot ion population (mainly composed of protons in the left
panel and of oxygen ions in the right panel), and a Llow enerqgy
populatlion that again is composed of oxygen and protons. It |is
very intriguing that oxygen shows up as the dominant species at
low energies both at GE0S5-2 and at ISEE-2, altough the two
spacecrafts are at a very different local time and distance from
the earth.

Figure 5 shows the anqular distributions of the GEDS-2 low
energy oxygen ions from lower (bottom) to higher enerqies (top in
the figure) for two spin scans pertaining to the time periods in
the lLower panels of figure 4. The angular distribution of the
counts in the Lowest enerqy channel (ranging from 4 to 130 eV) is
not isotropic, while the angular distributions of the higher
energy oxygen ions are. This different angular distributions suq-
gest that we are observing at GEOS-2 the same double population
as at ISEE; at lLow energy we detect ionospheric oxygen that is
flowing roughly along the magnetic field, while at higher energy
we detect isotropic plasma typical of the plasma sheet. The
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GEOS-2 magnetic field at these times is highly distorted and
inclined 55 to 45 degrees with respect to the satellite spin
axis, i. e. 45 to 35 degrees above the satellite equatorial
plane. In this confiquration the ICE instrument, which. accepts
ions flowing within 20 deqreees of the satellite equatorial
plane, aliows the axygen ions to be detected when flowing with a
drift angle to the magnetic field direction between 25 and 35
degrees. The energies are lower at GEQS-2 than at ISEE; this
could be explained by the same velocity filter already mentioned
as BGEOS-2 is much closer to the earth and to the magnetic equator
than ISEE during the two time periods considered.
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DRTA HNRLYSIS

Having identified the ion species detected at ISEE-2 as
oxygen, we can proceed to the computation of its density,
velocity and temperature, and of the flow directions; they are
shown in figure B, together with the GSE Z componant of the
ambient electric field as computed under the assumpion that
E+vxB=0. The ISEE-2 magnetic field is plotted as wall, and the
depression of theta to zero between 1350 UT and 1430 UT confirms
that we have really transited into the southern lobe (phi is
around -150 degrees, indicating a tailward field). The Llarge er-
rar bars on some of the plasma experiment data points are the ef-
fect of the width of the dawnward anqular sector (50 degrees);
when the oxygen ion beam is detected there it is impossible to
determine the flow direction to better than a 45 deqrees ac-
curacy; this L(arge error bar reflects on all the derived
parameters errors. In some instances, during these periods of
Llarge error, some measurements may fall in the high angular
rasolution sectors, due to fluctuations of the electric field and
the consequent fluctuations of the drift velocity, so that better
defined measurements are present; these give an indication of the
real values for the poorly determined periods as well. This may
be the case for the plot of the GSE Z component of the ambient
electric field, after 1530 UT, when it would hardly be possible
to even state that the polarity is dafined, were it not for the
few values that have a smaller error, which are definitely
positive. This can be checked by comparison with Ez as evaluated,
on a less refined time scale, from the ICE date, in fiqure 7.
These values generally follow the same trend of those derived
from the plasma experiment,

The comparison of the parameters, as derived from the two
instruments, confirms the correct identification of the ion
species., In fact the time history of the oxygen ions parameters
as derived from the ICE data is the same as that of the
parameters of the ions detected by the plasma -experiment, when
computed under the assumption that they be oxygen ions, The flow
velocity varies between extremas of 20 km/sec (i.e., the wvelocity
of oxygen ions detected in the Llowest enerqy channel of the
plasma experiment), and a maximum of 120 km/sec. We see from
figure B that the flow velocity is generally directed tailward
and towards dawn; the direction of flow is obviously meaningful
only with respect to the magnetic field, and this is shown in the
VYMF plot; this component of the flow velocity across the
magnetic field is generally positive, indicating a flow direction
away from the center of the magnetotail, as expected in the
plasma sheet (see Orsini et al., 1883), and only shows negative
values when the satellites are located in the plasma L|cbe, 14086
UT to 1453 UT, indicating there the usual flow towards the center
of the magnetotail. Neither the plasma experiment data nor the
ICE data allow the determination of the flow direction elevation
out of the ecliptic plane; this is made possible by using the
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plasma data collected on ISFE-1 by the LEPEDER experiment. In
figure 8 examples of the LEPEDER data are shown; the upper Lleft
and lower right panels refer to per’ nds when the fluctuations of
the beam parameters were faster thar the experimant time
resolution; the data shown in the other panels are not time
aliased. They show a low enerqy ion stream in the SP and 6P
angular sectors, i{. e. detector Look angle towards the South, and
beam direction from the South to the North, in agreement with the
expactation for the drift of a southern magnetotail beam in the
presence of a dawn to dusk electric field. The data in the upper
Left panel refer to 1120 UT, close to the neutral sheet, when we
may expect a more dynamic behavior. The lower right panel data
are taken around a transition betwesen the plasma sheet and the
loabe and the energy of the stream varies across this boundary |in
lass than the eight minutes resolution of the measurement.

Figure S shows a comparison of the Ez GSE component of the
electric field computed from the plasma experiment data and from
the ICE data, with the same Ez computed, under the assumption
that E.B=0, from the Ex and Ey components measured by the
electric field experiment on ISEE-1. The agreement between the
three plots appears to be good. Two interesting features can be
identified, at 1450 UT and from 1500 to 1510 UT. R sharp
transition of Ez from negative values to positive values |is
observed at 14580 UT at both spacecrafts. R large positive
fluctuation of E2 is observed on ISEE-1 between 1500 UT and 1510
UT. The fact that nothing similar is detected by means of the
plasma experiment on ISEE-2 may be attributed to the spatial
separation between the two spacecrafts.




SUMMRRY ANL DISCUSSION

In this tinal se.tion wa will summarize and discuss the three
main topics dealt with in the paper: electric field topoloay in
the magnetotail versus mapping models of the fleld from the
fonosphere; oscillations of the O+ streams parammters and
movements of the tail; streams distributions in the tail versus
distance from the earth and local time,

Rs regards the first topic, we recall that, as shown in the
preceeding sections, cold O+ streams are present throughout the
CDAW-58 event of March 22, 1973, from 1120 UT to 1718 UT, during
which at t(east two major substorms occurred, respectively
starting at 7030 UT and at 1330 UT (Manka and McPherron, -1583).
The ISEE-2 satellite was in the plasma sheet from 1000 UT (and
before this time as well) to 1406 UT and from 1453 onwards; from
1408 UT to 1453 UT it was in the southern L(obe. Throughout the
period, the streams flow almost parallel to the magnetic fleld
Lines and are subject to an ExB drift., We recall that the model
for the tail electric fiea.d obtained by mapping E along the
magnetic field Lines up from the ionosphere (Rostoker and
Bostrom, 1876) predicts Ez to be positive in the southsrn dawn
plasma sheest, and neqative in the southern dawn lobe (figure 11).
This fact is confirmed by the data in the whole period that we
have studied, as shown in figures B8, 7, 9 and 10. Rctually, Ez,
as computed from various experiments on ISEE-1. and ISEE-2, is
generally negative or fluctuates around zero in the lobe period,
from 14068 UT to 1453 UT; on the contrary, it is positive during
tha periods when the satellites are in the plasma sheet.

The sign reversal at th2 boundary is not clearly seen for the
1408 UT plasma sheet boundary crossing becaitse of a lack of data
and the presence of oscillations of Ez; initead, the crossing
naatly shows up in the data at 1453 UT as a fast change of the Ex
polarity both at ISEE~-1 and ISEE~-2 within one minute (see figs. 8
and 10), when the two satellites are at 3 Re distance in XGSE,
but quite close to each other in the YGSE component. We conclude
that our observations fit nicely with the predictions of the map-
ping mode. .

We shall now turn our attention to thc fluctuations of the O+
streams parameters. Rs already mentioned in the discussion of
figure 6, the O+ flow velocity fluctuates through the whole
period. In order to interpret such fluctuations, it is necessary
to evaluate the relevance on the data of the satellites m-tion
along their orbit. The effect of this motion, moving from the
tail towards the earth, is expected to be twofold: a siow
decrease due to the ExB drift filter, which Llets higher enerqy
ions fall towards the tail axis farther from the earth than the
lcwar ensrgy ones, and a slow increase because the distance from
the neutrs! sheet Z' (Fairfield, 1880) increases as the sate: -
lites move towards the earth (see figure 3); also in this Llatter
case the effect is due to the ExB filter which predicts the
ocbservations of higher enerqy ions farther from the neutral she-
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et. Neither mechanism can explain the fast fiuctuations displayed
in figqure 6 and 10. R possible interpretation of the oscillations
is that thay are a consequence of variations of the ionospheric
source of the oxygen streams. We do not think that this i1s the
case because B and Ez, that are local psrameters, oscillate just
when the flow velocity does (figs. 6 and 10); it is difficult to
believe that this occurs by chance or that there is a cummon
arigin for the oscillations of the ionospheric source and of
fields in the tail. Instead, we proposa two possible scenariocs,
The first is that rigid movements of the magnetotail cause a
change of its position relative to the satellite; the high
velocity periods would correspond to observation points which are
more distant from the central axis of the tail than the (ow
valocity periods. The second possible scenario is that non riqid
compressions of the whole magnetotail move the satellite on field
Lines that are closer to the nagnetopause. In both cases the
velocity fluctuations would be an effect of the ExB filter action
on the O+ streams flow patterns.

Wave-Llike profiles appear during the period between 1330 UT
and 1530 UT (figs. 6 and 10), at the onset of the second
substorm. They suggest that waves may be propagating through the
magnetotail during the major substorm phase. The velocity
fluctuations are particularly Large (sbout 40 Km/s peak to peak)
in the region just outside the lobes, between 1330 UT nd 1408 UT
and between 1450 UT and 1530 UT, with periods closed to 15
minutes in the first case and close to 10 minutes in the second
(figs. 6 and 10). On the contrary the direction does not
fluctuate as dramatically as the total specd. R *int of small
fluctuations can be seer, during the same two periucds, in the Ex
plot, but the Large error bars do not allow any firm conclusion.
The observations are much neater in the Llobes, especially soon
after 1406 UT and presumably close to the boundary. From 1406 UT
to 14563 UT Ez, which was positive in the plasma sheet, is steadly
negative or fluctuates around zero. Two oscillations of the flow
direction (45 degrees peak to peak) are clearly seen in the lobes
(figure 10, 1406 UT to 1425 UT), which are in phase with
fluctuations of the magnetic field, both {n value and in
elevation.

Further avidence for magnetotail movements relative to the
satellites can be obtained from the 1453 UT boundary crossing.
Rctually, the similtaneous detection of the Ex reversal at the
two satellites, together with the increase of the 0+ flow
velocity as the satellites sample the plasma sheet, is consistent
with a motion of the plasma sheet boundary mainly in the YZ GSE
direction. Throughout the lobe traversal period the velocity is
low., This indicates that in the Lobe reqion the satellites are
closer to the central magnetotail axis than when in the plasma
sheet; this would imply that the whole magnetota.l has moved in
such & way as to reduce the distance of the satellite from the
central magnetotail axis, while the plasma sheet thinned and
caused the satellites to transit into the lobes. The fast



PRG. 11
increase of the O+ streams flow velocity at 14583 UT, which is
correlated with the plasma sheet appearence, would thus be cor-
related again with the movement of the plasma sheet boundary,
during the substorm recovery phase.

The observations of the oxygen streams at the ISEE satellites
between 1130 UT and 1715 LT implies that the ionosphere has been
continously accelerating these ions during the substorm events as
well as several hours after their onsets. It indicates that the
machanism accelerating these ions is not directly correlated with
the substorm (see Lui et al., 1883), altough it seems that the
substorm triggers it or that during the substorm it becames more
efficient. :

Finally we want to discuss the dependence of the streams
~haracteristics on the distance from the earth and from the
magnetic equator. As it has been shown in figures 3 and 4, the
streams show up as a peak in the low enerqy range of the enerqy
spectra. The peak is observed, together with the plasma sheet hot
plasma, by ISEE-2, travelling towards to the earth in the dawn
side of the tail, south of the tail neutral sheet, as well as by
GEOS-2, which is moving on the dusk portion of the geosyncronous
orbit, close to the G5M XY plane. No Llocal time dependence is
evident from the data analyzed. It seems indeed that the enerqy
of the streams decreases as the distance from the magnetic
equator and from the earth decreases, because of thw ExB drift
filter mechanism (see figure 4). In the case these oxygen streams
are thermalized and convected. towards the earth once they get to
the neutral sheet, we should observe higher abundances of plasma
sheet oxygen when moving from high Llatitudes (and higher
distances from the earth) to low latitudes (and lower distances
from the earth). This 1is evident in the hot plasma sheet
population, when comparing the simultaneous ISEE-1 and GE0S-2 ion
compositions, as shown in fiqure 4, in the middle and bottom
right panels. In principle this mechanism could explain the high
hot 0O+ abundances, frequently observed at the inner edge of the
plasma sheet (Balsiger, 1883). '
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Figure 1:

Fiqure 2:

Figure 3:

Figure 4:

\ Fiéure 5:

FIGURE CRPTIONS

GSE and GSM projections of the inbound and outbound
legqs of ISEE-1 and ISEE-2, together with the
geosyncronoucs orbit of GEODS-2, rotated on the GSE XY
plane, for the CDAW-B event of March 22, 197S.

ISEE-2 plasma experiment data plotted as differential
flux (log(cm2%sxcrakeV)-1, according to the grey shade
code as shown on the right hand side) versus the
equivalent proton velocity of the ion. Ux and Vy in
the GSE system are ptotted along the vertical and
harizontal axes in km/sec. The broken Line is the
projection of the = bient magnetic field. The four
panels are data accumulated over 896 second at dif-
ferent UT times.

Plasma experiment ion differential flux
(cm2.s.5*.kev)-1 versus enerqy per charge. Rverages
aover 40 minutes are plotted, with time and satellite
GSE and GSM position Llisted on the right side
(R=distance, LT=local time, LRT=elevation; LATZ’ is
the artificial elevation of the satellite, assuming
ZGSM=Z', the estimated distance from the neutral sheet
(Fairfield, 1880)). The r.ght hand panels are
integrated over the 180 degrees, corresponding to
sunward and duskward flowing ions, while the Left hand
panels are integrated over the antisunward and
dawnward flow directions. The isotropic population at
high energy is the plasma sheet plasma, and the Llower
energy ions present in the left hand panels only are
the oxygen ions flowing tailwards along the magnetic
field lines.

Two plasma experiment energy spectra averaged over 40
minutes (top panels) are compared with the cor-
responding data from ISEE-1 ICE (middle panels); the
high energy population between several hundreds of eV
and 11 keV consists of plasma sheet protons, while the
low energy peak is mainly composed of oxygen ions. The
lower panels show BEO0S-2 ICE enerqy spectra for the
same UT periods. These reveal, at 6.6 Re and in the
equatorial afternoon Local time sector, the same
general structure in the 1ion composition; higher
energy ions with a low enerqgy component.

Rngular distributions of the oxygen 4ion count rates
for 16 energy steps (4 eV - 16 KeV) as detected by the
GEOS-2 ICE. Two scans are shown, each taken during one
of the UT periods of the spectra given in the bottom




Figure B:

Figure 7:

Figure 8:

Figure 9:

Figure 10:
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panels of fiqure <. The low energy ions are not
isotropic, while the higher enerqy ions are. The
values aof the GSE and GSM components of the ambient
magnatic field are indicated.

Oxygen ions parameters as computed from the plasma
experiment data. From the bottom: density (cm=-3), flow
velocity (Km/s), XY GSE flow direction (degrees),
thermal valocity (Km/s), flow direction with respect
to the magnetic field GSE b4 4 projection, the
components of the GSE XY flow wvelocity parallel and
orthoqonal to the magnhetic field (VUXMF ,VYMF) and the
GSE Z value of the electric field (computed under the
assumption E=-vxB). The top three panels show the ISE-
E-2 OGSE polar coordinates of the magnetic field
(absolute value, lonqitude and Llatitude). The satel-
lite GSE position (local time, distance and Llatitude)
igs indicated at the bottom. The large error bars in
the parameter plots are due to the ion beam being
detected in the wide anqular sector,

Same as figure 6 for the ISEE-1 ICE oxygen data. The
enerqy range up to 7 keV has been chosen, since no
streams are present at higher energies. The thermal
energy is plotted in KeV units.

ISEE-1 LEPEDER data for four selected times during the
event. In each panel, the individual frames relate to
ions, labelled P, and electrons, labelled E, for dif-
ferent lLook elevation ranges from S0 degrees (frame 1)
to -80 degrees (frame 7). In each frame count rates
are grey shade coded versus lLook Llongitude (-180 to
180 degrees), and versus energy (1 eV to 45 keV).

Ez GSE component of the ambient electric field as
measured by three different techniques: the ISEE-1 DC
electric field experiment under the assumption E.B=0
(left), the ISEE-2 plasma experiment oxygen ion
parameters (middle) and the ISEE-1 ICE experiment
oxygen ion parameters (right) under the assumption
that E+vxB=0.

Detailed plots of some oxygen parameters as measured
by the ISEE-2 plasma experiment for the periods of
wave lLike trends observation. From the bottom: density
(cm-3), flow velocity (Km/s), flow direction in
respect to the magnetic field GSE XY projection, GSE Z
component of the elctric field (computed under the as-
sumption E=-vxB), ISEE-2 magnetic field (absolute
value, GSE longitude and latitude).
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Figure 11: GSM YZ projection of the electric field topoloqy at 8
Re from the earth (Rostoker and Bostrom, 1976). The
mark indicates the ISEE-2 position at 1500 UT, when
the plasma sheet boundary was crossed.
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