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Abstract-During the Auroral Probe/Alpha-3 experiment, the data about the dynamics of the H+ ion density 
deep in the plasmasphere were obtained before and in the course of the development of several geomagnetic 
storms in the postmidnight and noon plasmasphere sectors. It was found that, in the postmidnight sector, the 
development of weak and moderate geomagnetic storms is accompanied by a considerable decrease of the H+ 
ion density inside the plasmasphere. This seems to be explained by cold plasma escaping into the ionosphere. 
In the daytime sector, at the initial phase of a storm, a considerable decrease of the H+ ion density inside the 
plasmasphere was observed, which then was replaced by a considerable increase. Variations of the H+ ion den
sity in the daytime plasmasphere seem to be a result of variations of cold plasma fluxes from the ionosphere 
into the plasmasphere during ionospheric storms. In contrast to the model of propagation of plasmasphere 
deformations during magnetic substorms from the night sector into the daytime sector with the corotation rate 
proposed by the authors [6], the practically simultaneous beginning of the plasmapause displacement to the 
Earth in the night and daytime sectors is found. It is also found that the plasmapause displacement to the Earth 
in the daytime sector lasts for 10-12 h, once the night plasmapause begins to move away from the Earth. The 
last fact seems to be explained by the arrival (from the nightside to the dayside as a result of corotation) of mag
netic field tubes with a plasma of reduced density. as a result of a magnetic substorm. 

1. INTRODUCTION 

At present, one of the aspects influencing the geo
magnetic disturbances on the plasmasphere is the 
dependence of the plasmapause position (the boundary 
of the area of the geomagnetosphere nearest to the 
Earth, where cold plasma of an ionospheric origin is 
contained) on the level of geomagnetic activity. This 
dependence has been investigated in sufficient detail. . 
Another, not less important, aspect of this dependence 
is the dynamics of distribution of cold plasma density 
inside the plasmasphere, connected with emptying and 
refilling geomagnetic tubes by cold plasma during geo
magnetic disturbances. This aspect has been investi
gated to a much lesser extent. In this paper, the results 
of monitoring the plasmapause position and cold 
plasma density inside the plasmasphere in the daytime 
and postmidnight sectors of the plasmasphere immedi
ately before and during the geomagnetic substorms on 
September 4-5 and 9-10, 1996, and June 8-9, 1997, 
are presented. 

Beginning in the 1960s, empirical dependences of 
the plasmapause position on the level of geomagnetic 
activity, generally, rather similar among themselves, 
were obtained by different research groups [1-5]. The 

value of the Kp index was used as a parameter charac
terizing the level of geomagnetic disturbances. In some 
papers, the maximum value of the Kp index during the 
24 h preceding the measurements of the plasmapause 
[1, 3] was used as the Kp index; in other papers, the 
maximum value of the Kp index during the 12 h before 
measurements of the plasmapause position [4, 5] was 
used. Generally, these investigations have shown with 
certainty a connection between the plasmapause posi
tion and the level of geomagnetic activity. At the same 
time, in our opinion, they are one of the reasons of the 
widespread views about the considerable time lag of 
the plasmapause response to the changing level of geo
magnetic activity. 

Distributions of charged particle densities inside the 
plasmasphere were presented and discussed in the 
papers of a number of authors, for example, in [5-7J. 
A complete bibliography on this problem can be found 
in [8]. We will concentrate our attention only on papers 
where the dependence of the distribution of charged 
particles in the plasmasphere on the level of geomag
netic disturbances is considered. 

In 1962 (even before the existence of the plasmas
phere and plasmapause were recognized), Carpenter 
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[9] reported about the strong dependence of the elec
tron density in the magnetosphere on geomagnetic dis
turbances. He recorded a 4- to 16-fold decrease in the 
electron density in the magnetosphere, which had 
occurred as a result of a geomagnetic storm. In [9], the 
coordinates of the area where the indicated effect was 
observed were not given, and, therefore, it was impos
sible to judge with reliability the reasons for the density 
decrease. For example, if it is assumed that the consid
ered area was at L = 3-4, then at the present time, when 
we know about the existence of the plasmasphere and 
its dynamics, one of possible explanations for the 
decrease of the electron density noted in [9] can be a 
change of the plasmapause position caused by a mag
netic storm. The authors [10,11] have presented a sche
matic illustration of the dynamics of electron density 
close to the plasmapause in connection with geomag
netic storms. Park [12] observed the increase of cold 
plasma flows from the plasmasphere into the iono
sphere in night hours, which, in our opinion, is the rea
son for the density increase in the night winter iono
sphere. In [12], the author also reported about his 
observation of considerable flows of plasma during 
some substorms, which flew from the plasmasphere 
into the ionosphere even in the daytime. In this connec
tion, he suggested that the indicated processes, in many 
cases, determine the response of both areas to geomag
netic substorms. The empirical model of distribution of 
the H+ ion density in the Earth's plasmasphere devel
oped on the basis of results of measurements by the 
RIMS device onboard the DE-1 satellite was presented 
in [13]. The model of the distribution of cold plasma 
density for an interval of local time 21-06 MLT was 
presented in [14]. These models enable one to estimate 
the distribution of cold plasma density in the plasmas
phere at low and medium geomagnetic latitudes in dif
ferent intervals of local time and geomagnetic activity; 
however, as other models based on statistical methods, 
the models of the plasmasphere [13, 14] do not allow 
one to trace the dynamics of cold plasma inside the 
plasmasphere in the course of the development of con
crete geomagnetic disturbances. Lemaire [15] notes 
that" ... there are essentially no experimental data doc
umenting detailed aspects of the depleting". 

2. EXPERIMENTAL RESULTS 

In this section, only the results of measurements and 
brief comments about them are presented. To character
ize geomagnetic disturbances, the classification from 
[16, 17] is used. The results of measurements are dis
cussed in Section 3. 

For representation of the Auroral Probe orbit posi
tion in space, in this paper, we use projections on the 
meridional plane with the polar coordinate geocentric 
distance RE for the polar angle above the geomagnetic 
equator plane, and on the equatorial plane with coordi
nates L (the McIlwain parameter) and MLT (magnetic 
local time). 
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Fig. 1. Projection of the 1 st and 7th orbits of the Auroral 
Probe in the period of September 4-5, 1996. (a) Projection 
of orbits onto the meridional plane; (b) onto the equatorial 
plane. 

Results of Measurements on September 4-5, 1996 

Figures la and 1 b show projections of the first and 
seventh (the last) Probe orbits for the period under con
sideration. It is seen from Figs. 1 a and 1 b that the orbit 
meridional projections are rather close to each other; 
the descending and ascending orbit segments are in the 
noon and postmidnight sectors of the plasmasphere, 
respectively. In Fig. 1 b, the segments of orbits along 
which distributions of the H+ ion density were mea
sured are marked by thick lines; the directions of the 
Probe flight are indicated by arrows on the projections 
of orbits. Distributions nH+(L) in the daytime and pre
dawn sectors of the plasmasphere measured over seven 
consecutive passages of the Auroral Probe through the 
plasmasphere in the period of September 4-5, 1996, are 
presented in Fig. 2a. Figure 2b shows variations of the 
D sl index for the same period. On the time axis, the 
instants (and durations) of each Probe passes are 
marked by thick dashes; each Probe passes is num
bered. The same numbers of passages are shown on 
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Fig.2. 
(a) Postmidnight and daytime distributions nH+(L) measured during 7 consecutive passages of the Probe through the plasmasphere 
in the period of September 4-5, 1996 (each distribution is numbered from I to 7). Night distributions n +(L) are shown by points 

H 
and daytime distributions by open circles; (b) plot of the Dsr variation in the period of September 4-5, 1996. 

each pair of l1
H
+(L) distributions. The results of the 

measurement in other time intervals are also shown in 
a similar way. 

Let us first consider the dynamics of nH+(L) distribu
tions in the plasmasphere and of the plasmapause posi
tion in the postmidnight sector. It can be seen from 
Fig. 2b that, generally, the period of September 4-5, 
1996, is characterized by low geomagnetic activity. 
Vp to 23:00 VT on September 4, Ds, - -10, and at 
-23:00 UT a rather moderate isolated storm was 
recorded (Dsnnin - -30 nT, Kpm8Y. = 4.3). 

The distributionsn(L) measured before the begin
ning of the storm during Probe passages through the 
plasmasphere J and 2 are similar to each other and, pre
sumably, can be considered as typical for quiet periods 
in the predawn and, probably, night sectors. Let us note 
also that, in both cases considered, the plasmapause 
position practically was not changed (L - 3.6). The 
third distribution was measured in the course of the 
development of the storm that began at -23:00 VT. Pre-

sumably, the considerable indentation, which distin
guishes the third night nH+(L) distribution from the first 
two, can be explained by the storm development. One 
should call attention to the fact that, in this case too, 3 h 
after reaching the maximum of the storm, the plasma
pause position has changed insignificantly (it was 
recorded at L = 3.4). 

Radical changes in the postmidnight sector were 
recorded during the forth Probe passes through the 
plasmasphere. Approximately at 06:00 UT, 7 h after the 
beginning of the storm, the plasmapause was found at 
L = 2.2 (i.e., at an altitude of less than 8000 km in the 
plane of the geomagnetic equator!). Measurements of 
the H+ ion density during the fifth Probe passes through 
the plasmasphere have shown that after 6 h the geocen
tric distance of the plasmapause already was -3RE• Fur
ther, during the 6th and 7th Probe passages through the 
plasmasphere, a gradual displacement of the plasma
pause away from the Earth was recorded. In the early 
part of September 6, the plasmapause was transferred at 
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L = 3.6, i.e., to the position where it was before the 
beginning of the storm. 

In contrast to the postmidnight sector of the plasma
sphere, where a sharp displacement of the plasmapause 
to the Earth was recorded in the course of the develop
ment of a rather moderate storm, during the greater part 
of the same storm, in the daytime sector a slow monot
onous approach to the Earth was found, and only at the 
end of the considered period and at the end of the recov
ery phase of the storm was the return of the plasma
pause to the initial (recorded during the first Probe 
passes) position noted. The dynamics of the plasma
pause in the postmidnight and daytime sectors of the 
plasmasphere during the considered period is shown in 
Fig. 3a. Figure 3c shows the time dependence of the Kp 
index and Dst variations. Data comparison in Figs. 3a 
and 3c shows that before the storm beginning the posi
tion of the night plasmapause was practically stable. 
The plasmapause displacement to the Earth began only 
after the beginning of the storm, and -6 h later the pI as
mapause was recorded at L - 2.2. In the following 6 h 
the plasmapause occurred at L - 3, and at the end of 
considered period, the night plasmapause was recorded 
at L = 3.6. Presumably, the motion of the daytime pI as
mapause to the Earth also began with the storm begin
ning, simultaneously with the beginning of motion of 
the night plasmapause to the Earth, and continued after 
the geocentric distance of the night plasmapause began 
increasing. As follows from Fig. 2a, the daytime pI as
mapause reached the nearest distance to the Earth (at L 
= 3) 12 h later than the night plasmapause (at L = 2.2). 

Some knowledge (far from complete!) about the 
dynamics of the H+ ion density inside the plasmasphere 
under quiet conditions and during geomagnetic distur
bances can give the analysis of the variation of the H+ 
ion density at a fixed value of the L parameter. We 
chose a fixed value of the L parameter so that the alti
tude of a chosen point above the Earth's surface, 
remaining in the plasmasphere, would be the highest. In 
the considered case, it was chosen as L = 2.4. Figure 3b 
shows the curves characterizing variations of the H+ ion 
density in the daytime (open squares and the gray 
curve) and postmidnight (full squares and the thick 
curve) sectors. Each curve is normalized on the value of 
density no in the first point (the normalization coeffi
cients for the night and daytime sectors are no = 1300 
and no = 900, respectively). The above values of nor
malization coefficients show that, in the daytime, the 
H+ ion density is much lower than in the night sector. 

The results obtained are discussed in Section 3. 

Results of Measurements on September 9-11,1996 

Projections of the Auroral Probe orbits on the 
meridional and equatorial planes in the considered 
period are shown in Figs. 4a and 4b. Figure 5a shows 
distributions nH+(L) measured in the postmidnight and 
daytime sectors during 12 passages of the Auroral 

Lpp September 4-5, 1996 
6 
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2~~--~--~--~--~~--~~ 

nino 
2 

(b) 

o~~--~--~--~--~~--~~ 

Kp 
4 

-30 
Dst,nT 

(c) 

Fig. 3. (a) Dynamics of the plasmapause in the postmidnight 
(black squares) and in the daytime (empty squares) sectors 
in the period of September 4-5, 1996; (b) normalized varia
tions of density in the plasmasphere at L = 2.4 in the post
midnight (black line) and daytime (gray line) sectors. Each 
plot is normalized to the value of density measured during 
the 1st passes of the Probe; (c) the K[2 indexes and Dst vari
ations in the period of September 4-;" 1996. 

Probe through the plasmasphere in the period of Sep
tember 9-12, 1996. Distributions 1-7 and 10-12 are 
measured with an interval of 6 h. During passages 8 and 
9, the Alpha-3 instrument was turned off. Below, in 
Fig. 5b, variations ofthe Kp index and the Dst variations 
for the same period are shown. It is seen from the vari
ations of the Kp index that, at the end of the generally 
magnetically quiet day of September 9 (Dst > -20, 
Kp < 2), the value of the Kp index suddenly increased by 
a step to 4.3 thus denoting the beginning of a storm, 
whereas at the same time the value of IDstl slowly and 
nonmonotonically increased, peaking only after 9 h. 
Taking into account the particularity of the definition of 
both geomagnetic indexes used by us, it is possible to 
conclude that, in the case under consideration, the level 
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Fig. 4. Projection of the 1st and 12th orbits of the Auroral 
Probe in the period of September 9-11, 1996. Notation and 
coordinates are the same as in Fig. 1. 

of the geomagnetic disturbance is determined by pro
cesses, mainly, at medium and, probably, at auroral ]at
itudes. Another feature of the geomagnetic activity of 
the considered period is the superposition of severa] 
storms, which did not aI]ow us, in this case, to deter
mine the response of the plasmasphere and the p]asma
pause to different phases of the geomagnetic distur
bances. 

From Fig. 5b it follows that the first 2 passages 
through the p]asmasphere occurred in quiet geomag
netic conditions, and the 3rd passes occurred in condi
tions when the Kp index increased from 2 to 4. Passages 
5-7 and 10-12 occurred on the background of severa] 
substorms following one after another. 

Distributions nH+(L) measured in the period of Sep
tember 9-12, 1996, are shown in Fig. 5a. In spite of the 
fact that passages 1 and 2 through the p]asmasphere 
occurred in quiet conditions, distributions nH+(L) mea
sured during these passages, especially after midnight, 
are very indented. The postmidnight distributions 

nH+(L) recorded during the 4th passes of the Probe after 
a sharp increase of the Kp index are strongly deformed. 
The distinct difference of this distribution from the pre
vious one can be explained by cold plasma contained in 
the geomagnetic shells L < 3 escaping into the iono
sphere. It is not improbable that the beginning of the 
process of the recovery of the content of the plasma at 
low L shells can be observed during the following, 5th 
passes of the Probe. Distributions nH+(L) measured dur
ing passes 10-12 seem to reflect the process of recovery 
of the content of cold plasma at L < 3, which could 
decrease under the influence of a new storm that 
occurred on September 1], 1996, at -05:00 UT. 

Since the plot showing the dynamics of the plasma
pause in the period of September 9-]], ] 996, was 
already published in [24], it is not given in this paper. 

Variations of the H+ ion density inside the p]asmas
phere in the period of September 9-11, 1996, at L = 2.4 
in the postmidnight and daytime sectors are shown in 
Fig. 6a. Again, as in Fig. 2b, both the postmidnight and 
the daytime values of the density are normalized on the 
value of density no at L = 2.4 in the night and daytime 
sectors, respectively. Figure 6b shows the changes in 
the Kp index and DSf variations for the same period. 

Results of Measurements on June 8-10, 1997 

Projections of the Auroral Probe orbits on the 
meridional and equatorial planes in the indicated time 
interval are shown in Figs. 7a and 7b. During this time 
in the course of 10 consecutive Probe passages through 
the plasmasphere, 10 distributions nH+(L) were mea
sured, which are shown in Fig. 8a. Unfortunately, mea
surements in the postmidnight sector were found to be 
fragmentary owing to insufficient telemetric support of 
the experiment and, therefore, distributions nH+(L) mea
sured in the postmidnight sector during the considered 
interval are not given here, but only the p]asmapause 
positions are shown. In Fig. 8b as in Figs. 2b and 5b, the 
changes of the Kp index and the DSf variations are 
shown for the same interval. The times of the Probe 
passes through the p]asmasphere are marked by thick 
lines on the time axis. 

The geomagnetic activity in the beginning of the 
considered period was characterized by a slow 
increase. It was replaced by a magnetic storm of class 
II (according to the classification proposed in [13, 14]), 
which began at 17:30 UT and lasted to the end of the 
considered interval (see Fig. 8b). 

From the first 3 distributions nH+(L) measured under 
conditions of increasing magnetic activity, a practically 
stable p]asmapause position and some decrease of the 
H+ ion density inside the p]asmasphere can be seen. 
The fourth distribution measured during the phase of 
storm growth shows the p]asmapause displacement to 
the Earth and, simultaneously with it, an increase of the 
H+ ion density inside the p]asmasphere. During the sub-
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Fig. 5. (a) Postmidnight and daytime distributions nH+(L) measured during 12 consecutive passages of the Probe through the plas
masphere in the period of September 9-12, 1996 (distributions are numbered from 1 to 7 and from 10 to 12). Night distributions 
n .(L) are shown by points and daytime distributions by open circles; (b) plot of the Dst variation in the period of September 9-12, 

H . 
1996. On the time axis, time intervals of the Probe passes through the plasmasphere are marked by thick dashes. 

sequent 24 h, when the level of geomagnetic activity 
remained rather high (Dst < -60), the value of the den
sity nH.(L) inside the plasmasphere remained at an 
enhanced level, and the plasmapause position changed 
from L = 2.7, recorded during the 5th passes, to L = 2.1 
during the 8th passes. Later, during the phase of recov
ery, a decrease of density inside the plasmasphere 
occurred, and, together with it, there was an increase in 
the geocentric distance of the plasmapause. 

Figure 9a shows the dynamics of the position of the 
daytime and postmidnight plasmapause in the period of 
June 8-10,1997; the time dependence of the nonnalized 
H+ ion density inside the plasmasphere (at L = 2.25) is 
shown in Fig. 9b. Changes in the Kp index and D Sf varia
tions over the same period are shown in Fig. 9c. 

From Fig. 9a it can be seen that, as on September 4-
5, 1996 (see Fig. 2a), the plasmapause displacement to 
the Earth in the postmidnight and daytime sectors of the 
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Fig. 6. (a) Normalized variations of the density iii the plas
masphere at L = 2.4 in the postmidnight (black squares) and 
daytime (empty squares) sectors in the period of September 
9-12, 1996. Each plot is normalized by the value of the den
sity measured during the I st Probe pass; (b) the Kp indexes 
and Dst variations for the same period. 
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Fig. 7. Projection of the 1st and 10th orbits of the Auroral 
Probe in the period of June 8-10, 1997. Notation and coor
dinates are the same as in Fig. 1. 

plasmasphere began simultaneously and proceeded 
approximately with equal rates, but the daytime plas
mapause reached the minimum geocentric distance 
-10-12 h later than the postmidnight one. 

From variations of normalized values of ion density 
nH+(L) at L = 2.25 shown in Fig. 9b, it is easily seen that, 
under quiet geomagnetic conditions, even a rather 
small increase in the level of geomagnetic activity leads 
to a quite noticeable (up to 50%) decrease in the H+ ion 
density inside the plasmasphere in the daytime sector. 
With the development of a geomagnetic storm (accord
ing to the accepted classification, it refers to the class n 
type), a decrease in the density was replaced by its 
increase, and by 11 :40 UT the H+ ion density increased 
by a factor of 4 in comparison with its minimum value 
measured during the 3rd Probe passes through the plas
masphere (see Figs. 8a and 9b). At the end of the phase 
of recovery, the ion density n

H
+ returned to its initial 

value. 
The time dependence of the value of the density 

(also normalized to its first value) obtained in a magnet
ically quiet period on March 20-22, 1997, is shown in 
Fig. lOa. In Fig. 10b, variations of the Kp index and Dst 
variations for the same period are shown. From 
Figs. 10a and 10b it is seen that in the magnetically 
quiet period on March 20-22, 1997, the value of the 
. density inside the plasmasphere, practically, did not 
vary with time, and one can find some growth of the 
density only with the beginning of an increase in the 
level of geomagnetic activity. 

3. DISCUSSION OF RESULTS 

The experimental results presented in the previous 
section will be considered, mainly, from the point of 
view of obtaining data about variations of the cold 
plasma density inside the plasmasphere during geo
magnetic disturbances and for refinement of the mech
anism of propagation of the plasmapause response to 
the geomagnetic disturbances from the night sector into 
the daytime. 

Before considering the experimental data, we 
expound the present views on the mutual connections 
between the ionosphere and the plasmasphere, which 
will be used by us to interpret the results of measure
ments made on the Auroral Probe. 

The plasmasphere is an area of the magnetosphere 
supported by the ionosphere and containing cold 
plasma of ionospheric origin. This plasma fills in geo
magnetic field tubes, and as a result, around the Earth 
an area is formed that contains cold plasma and is 
bounded by the plasmapause on the outside. On the 
inside, the plasmasphere physically is not bounded. 
However, in some cases, it is considered conventionally 
that the inner boundary of the plasmasphere lies at an 
altitude of 2000 km, in others cases, the area where the 
ionospheric plasma becomes collisional is considered 
as an inner boundary. In any case, for interpretation of 
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Fig. 8. (a) Daytime distributions n .(L) measured during 10 consecutive passages of the Probe through the plasmasphere in the 
H 

period of June 9-10, 1997; (b) plot of the D st variations in the period of June 8-10, 1997. On the time axis, the time intervals of the 
Probe passes through the plasmasphere are marked by thick dashes. 

the obtained experimental data, it is important that 
there is no insurmountable barrier for the existence of 
exchange flows of cold plasma of ionospheric origin 
from the plasmasphere into the ionosphere and back. 

It is known that, in quiet periods in the light time of 
day, flows of ionospheric plasma are mainly directed 
from the ionosphere into the plasmasphere, filling in 
the plasmasphere; in the dark time, the flows are 
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directed from the plasmasphere into the ionosphere, 
being one of the factors supporting the existence of a 
night ionosphere. 

According to available estimations, the value of the 
daytime fluxes is 3 x 108 cm-2 S-I; the corresponding 
night value is 1.5 x 108 cm-2 S-1 (see, for example, 
[18, 19]). In [19], it was suggested that night fluxes 
from the plasmasphere into the ionosphere increase 
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Fig. 9. (a) Dynamics of the plasmapause in the daytime sec
tor in the period of June 8-10, 1997 ; (b) nonnalized varia
tions of density in the plasmasphere atL= 2.2 in the daytime 
sector. The plot is nonnalized to the value of the density 
measured during the 1 st Probe passes in the period of June 
8-10, 1997; (c) the Kp indexes and Dst variations in the 
period of June 8-10, 1y97. 

during substonns, so that the plasma density in the ion
osphere grows. The same author reported on his record
ing of backward plasma flows from the daytime plas
masphere into the ionosphere during a storm, which, in 
the author's opinion, can represent the important aspect 
of ionosphere-plasmasphere relations. 

On the other hand, it is known that geomagnetic 
storms cause essential changes in many parameters of 
the ionosphere. In this case, as was noted in [17], the 
response of the ionosphere to geomagnetic distur
bances is very complex and unpredictable. For exam
ple, according to [20], during an ionospheric storm, a 
double increase of the total number of electrons in a 
magnetic field tube (the positive phase of an iono
spheric storm) was observed, whereas other investiga
tions [21, 22] indicate that during ionospheric storms 

resulting from geomagnetic disturbances in the iono
sphere, in a number of cases, a decrease in the plasma 
density was observed, whose value reached a factor of 
2 (the negative phase of ionospheric storm). It has also 
been noted that the positive phase of the storm, which 
was recorded in the extensive range of latitudes, began 
in the night hemisphere and then corotated with the 
Earth to the illuminated side. The authors of [23] sug
gest that fluxes of plasma from the plasmasphere, 
which have increased during the geomagnetic storm, 
are the reason for the increasing density in the night 
ionosphere. 

Thus, based on the above-mentioned data, in inter
preting the results obtained on the Auroral Probe, we 
assume that the H+ ion density in the night sector of the 
plasmasphere does not experience the immediate influ
ence of the ionosphere, but the plasma density in the 
night plasmasphere can noticeably decrease due to 
increasing fluxes of cold ions into the ionosphere dur
ing geomagnetic disturbances. On the contrary, the 
value of the cold plasma density in the daytime plasma
sphere is c10sely connected both with changes of the 
electron density at the ionospheric level and with 
changes of the altitude of the maximum of the F2 layer 
during geomagnetic storms. 

Now, we consider in more detail the response of the 
. H+ ion density in the postmidnight and daytime sectors 
inside the plasmasphere under changing levels of a geo
magnetic disturbance. As is seen from Fig. 3b, where 
variations of the H+ ion density inside the plasmasphere 
at L = 2.4 measured in the period of September 4-5, 
1996, are shown, the H+ ion density in the postmidnight 
sector of the plasmasphere is rather stable, its changes 
do not exceed 20% from the initial value. It is also seen 
that the development of a weak substorm had no effect 
on the level of plasma density inside the plasmasphere, 
from which it is possible to reach a conc1usion on small 
changes of plasma flows from the postmidnight plas
masphere into the ionosphere in comparison with flows 
characteristic for quiet periods. The level of density 
inside the daytime plasmasphere, which seemed to be 
stable during the quiet period, grew by -40% in -7 h 
after the beginning of a geomagnetic storm. A consid
erable decrease of the density in the daytime sector of 
the plasmasphere, accompanied only by a small 
approach of the plasmasphere to the Earth (O.3L), was 
recorded 12 h after the night plasmapause was found at 
L = 2.2 during the fourth Auroral Probe passes through 
the plasmasphere. It is not improbable that such a 
response of the plasmasphere (a sharp approach of the 
night plasmapause to the Earth and a considerable 
decrease in the cold plasma density in -12 h in the day
time plasmasphere at a rather stable position of the 
plasmapause) may be characteristic for weak sub
storms. 

The dynamics of the plasmapause in the night and 
daytime sectors of the plasmasphere in the period of 
September 9-11, 1996, was considered in [24]; there-
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fore, here, only variations of the cold plasma density 
inside the plasmasphere at L = 2.4 are presented (see 
Fig. 6a). From Fig. 6b, where the plots of the Dst varia
tions and the Kp index are shown for the same period, it 
is seen that the geomagnetic activity during the consid
ered interval was higher than in the period of Septem
ber 4-5, 1996 (Kpmax = 5.3, Dstmax = 39). 

As is seen from Fig. 6a, the night H+ ion densities in 
the postmidnight sector shown by full squares indicate 
a well-pronounced fourfold decrease in the period of 
01:00-18:00 UT on September to, 1996. We believe 
that this stable and deep decrease in the cold plasma 
density in the plasmasphere, whose duration exceeded 
18 h, is determined by a rapid plasma escape into the 
ionosphere under the action of a moderate geomagnetic 
storm that began at -21:00 UT on September 9, 1996. 
We suggest also that the decreased H+ ion density rela
tive to its initial level recorded after -13:00 UT on Sep
tember 11, 1996, results from a moderate storm that 
began at -05 :00 UT the same day. 

Variations of the cold plasma density inside the 
plasmasphere in the daytime sector according to results 
of measurements on September 9-11, 1996, present a 
more complex pattern. From -06:00 UT on September 9 
to -02:00 UT on September to, 1996, during some 
increase of the geomagnetic disturbance, a stable 
decrease of the value of the density in the daytime plas
masphere recorded during 3 passages of the Probe was 
observed. The decrease of density was replaced by its 
threefold growth from 21:00 UT on September 9 to 
14:00 UT on September to. In the beginning of this 
period, the value of the Kp index grew sharply from 1.7 
up to 5.3, while -8 > D st > -10 nT. The increased value 
of the density was supported for more than 6 h, after 
that it decreased again. This decrease of the density 
inside the daytime plasmasphere can be connected with 
a short-time quiet geomagnetic situation, which 
occurred at 21:00-24:00 UT on September 10. 

Now, we refer to Fig. 9b, where variations of the H+ 
ion density inside the plasmasphere at L = 2.2 in the 
daytime sector are shown during the development of 
the storm on June 8-10, 1997. From Fig. 9b one can see 
that during a slow increase of the Dst variations, 03:00-
15:00 UT on June 8, 1997, the density n

H
+ at L = 2.2 

decreased by a factor of -2. At 17:30 UT, after the 
beginning of the storm, the density began to increase 
and at 09:00 UT on June 9, 1997, its value had grown 
by a factor of 4 in comparison with the level reached in 
the period of 03 :00-15 :00 UT. After 6 h the density had 
decreased to a value close to the initial level and varied 
around it up to the end of the interval under consider
ation. 

The results of measurements presented in this paper 
allow us to conclude that, in the course of monitoring 
the plasmasphere, reliable experimental data about 
dynamics of the H+ ion density inside the plasmasphere 
in the postmidnight and noon sectors were obtained in 
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Fig. 10. (a) Normalized variations of density in the plasma
sphere at L = 2.4 in the evening sector in the period of March 
20-22, 1997. The plot is normalized to the value of the den
sity measured at L = 2.4 at -12:00 UT on June 8, 1997; (b) 
variations of the Kp indexes in the period of March 20-22, 
1997. 

the course of the development of geomagnetic distur
bances with low and moderate intensity for the first 
tiIIle. In the night sector deep in the plasmasphere, a 
considerable decrease of the H+ ion density was 
recorded, which seems to result from the increase of 
fluxes of cold plasma from the plasmasphere into the 
ionosphere during geomagnetic storms. In [12], an 
increase of electron fluxes from the night plasmas
phere into the ionosphere was reported. In the daytime 
sector in the course of a low-intensity substorm on 
September 5, 1996, a corisiderable decrease of the H+ 
ion density in 12 h after a sharp decrease in the geocen
tric distance of the plasmapause in the postmidnight 
sector was observed (see Figs. 2a, 3b). In the course of 
the development of substorms of class II in the daytime 
sector, at first, a double decrease of the H+ ion density 
was observed, which changed to an increase with a 
growing geomagnetic disturbance. At present, we can
not unambiguously name the reason for such variations 
of the H+ ion density in the daytime sector inside the 
plasmasphere; however, we believe that the indicated 
variations are directly connected with the negative and 
positive phases of ionospheric storms (i.e., with a 
decrease and increase of the electron density in the ion
osphere and, probably, with increasing hmF2). In tum, 
ionospheric storms result from a serial chain of iono
spheric processes initiated by geomagnetic storms. 

A sufficient, though not complete, understanding of 
exchange processes between the plasmasphere and the 
ionosphere initiated by geomagnetic storms can be 
reached only as a result of coordinated simultaneous 
investigations of the plasmasphere and the ionosphere 
on the background of geomagnetic disturbances. 
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As for the propagation of the plasmasphere defor
mation resulting from geomagnetic disturbances, there 
are different points of view [16, 25, 26]. In [26], the 
mechanism of separation of cold plasma elements from 
the plasmasphere and/or the formation of plasma
spheric tail-like structures are observed. According to 
[26], at the initial stage such plasma structures are 
formed under the effect of a substorm in the prenoon 
sector of the plasmasphere. Later, these structures 
move into the postnoon or dusk sector, where plasma 
bulges can be separated from the plasmasphere. The 
results of measurements presented in this paper refer to 
the postmidnight and daytime sectors and, hence, do 
not allow us to compare them with the model [26]. The 
experimental data obtained on the Auroral Probe, prob
ably, will be compared with the model [26] later. 

The authors of [16,25], using the methods of statis
tical analysis, have found that changes of the plasma
pause position in the daytime sector connected with a 
changing level of geomagnetic disturbance are 
observed, as a rule, -12 h (or slightly more) later than 
in the night sector at different levels of geomagnetic 
disturbance (for 0 < Kp < 6). Based on this result, the 
authors of [16, 25] have concluded that a decrease in 
the plasmasphere dimensions, beginning in the night 
sector, propagates to the daytime sector with an angular 
velocity close to the velocity of cold plasma corotation 
around the Earth. The dynamics of the plasmapause in 
the night and daytime sectors by the data obtained on 
the Auroral Probe during several concrete geomagnetic 
storms was considered in [24,27], and it was found that 
during strong geomagnetic storms the plasmapause dis
placement toward the Earth in the night, morning, and 
daytime sectors of the MLT, as a rule, began practically 
simultaneously or, in any case, during a time interval 
essentially smaller than the time necessary for the 
transport of a field tube with plasma from the night sec
tor into the daytime sector with the velocity of corota
tion. At the same time, from Figs. 3a and 9a, where the 
plasmapause position is shown for September 4-5, 
1996, and June 8-9, 1997, respectively, it is seen that 
the daytime plasmapause reaches a minimum distance 
from the Earth 12 h later than the night plasmapause. 
The experimental results presented here obtained on 
the Auroral Probe in the course of the development of 
the indicated magnetic substorms, on the one hand, 
confirm conclusions from [6,25] on the basis of statis
tical analysis about the transfer of "plasmasphere 
deformation" occurring as a result of a geomagnetic 
storm from the night sector into the daytime sector with 
a velocity of corotation. On the other hand, they testify 
to a simultaneous beginning of the process of displace
ment of the plasmapause to the Earth in the night and 
daytime sectors, which is determined by growing large
scale electric and magnetic fields in the magnetosphere. 

CONCLUSION 

For the first time, experimental data have been 
obtained about variations of the H+ ion density deep in 
the plasmasphere before and during the development of 
several geomagnetic substorms in the postmidnight and 
daytime sectors of the plasmasphere. 

It was found that, in the postmidnight sector, the 
development of a moderate substorm was accompanied 
by a considerable decrease in the H+ ion density inside 
the plasmasphere at L = 2.2. It returned to the initial 
level after the termination of the substorm. This fact 
seems to testify to a large cold plasma escape from the 
plasmasphere into the ionosphere in the course of the 
development of the substorm in the night hours. 

In the daytime sector at the initial phase of the sub
storm, a double decrease of the H+ ion density was 
observed that was replaced then by its fourfold 
increase. The character of variations of the H+ ion den
sity· in the dayti me sector of the plasmasphere seems to 
be connected with variations of the parameters of the 
underlying ionosphere. The decrease of the H+ ion den
sity at the initial phase of a substorm can be caused by 
the development of the negative phase of an iono
spheric storm. At the same time rare cases are known 
when, in the daytime during a substorm, electron fluxes 
from the plasmasphere into the ionosphere were 

. observed. The increase of the H+ ion density seems to 
be connected with an increase of fluxes of the iono
spheric plasma into the plasmasphere after a change of 
the negative phase of the ionospheric storm to the pos
itive phase. 

By contrast with the model of propagation of a plas
masphere deformation during a magnetic substorm 
from the night sector into the daytime sector with the 
velocity of corotation proposed in [16,25], a practically 
simultaneous beginning of the plasmapause displace
ment to the Earth in the night and daytime sectors is 
found. It was also found that the plasmapause displace
ment to the Earth in the daytime sector lasts for 10-12 h 
once the night plasmapause begins to move away from 
the Earth. The last fact seems to be explained by the 
arrival of magnetic field tubes with plasma of decreased 
density after a magnetic" substorm from the nightside to 
the daytime side as a result of corotation. 
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