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Abstract

During an interaction of the Earth’s magnetosphere with the interplanetary magnetic cloud on October 18-19,
1995, a great magnetic storm took place. Extremely intense disturbances of the geomagnetic field and ionosphere
were recorded at the midlatitude observatory at Irkutsk (@'~45°, A'~177°, L~2) in the course of the storm. The
most important storm features in the ionosphere and magnetic field are: a significant decrease in the geomagnetic
field Z component during the storm main phase; unusually large amplitudes of geomagnetic pulsations in the Pil
frequency band; extremely low values of critical frequencies of the ionospheric F2-layer; an appearance of intense
Eg-layers similar to auroral sporadic layers at the end of the recovery phase. These magnetic storm manifestations
are typical for auroral and subauroral latitudes but are extremely rare in middle latitudes. We analyze the storm-
time midlatitude phenomena and attempt to explore the magnetospheric storm processes using the data of ground
observations of geomagnetic pulsations. It is concluded that the dominant mechanism responsible for the
development of the October 18—19, 1995 storm is the quasi-stationary transport of plasma sheet particles up to
L~?2 shells rather than multiple substorm injections of plasma clouds into the inner magnetosphere. © 2000
Elsevier Science Ltd. All rights reserved.

1. Introduction gations of the storm-time disturbances have been done

in some of them (Taylor et al., 1994; Loewe and Prolls,

The physical processes responsible for the transfer of
energy and matter from the solar wind into the magne-
tosphere in the course of a geomagnetic storm are the
most challenging problems of present space geophysics.
The great number of publications dealing with storms
is an indicator of a lively interest in the exploration of
this unique natural phenomenon. Statistical investi-
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1997; Yokoyama and Kamide, 1997; Grafe, 1999), and
detailed studies of specific cases in others (Yeh et al.,
1994; Kleymenova et al., 1996; Araki et al., 1997; Xin-
lin et al., 1997). Gonzalez et al. (1994) give a review of
the most important publications on the determination
of the Dy origin.

The experimental data obtained in the interplanetary
medium, inner and upper magnetosphere and on the
Earth’s surface are so complex and variable that it has
been impossible to describe the geomagnetic storm’s
manifestations in the context of a unified physical
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model so far. The physical mechanisms producing a
depression of the storm-time Dy index and the effi-
ciency of each of them under different conditions in
the solar wind and in the magnetosphere still remain
obscure. That is the reason why the problem ‘what is a
geomagnetic storm?’ has become an interesting topic
once again.

As a result of investigations, it becomes clear that a
storm is not simply a superposition of substorms as it
has been assumed previously. Different mechanisms of
the storm-time ring current formation are discussed by
Gonzalez et al. (1994). Each of them causes an accel-
eration of magnetospheric particles, but two mechan-
isms can transport the magnetotail plasma in the inner
magnetosphere: substorm injection and large-scale con-
vection. It seems that an intensification of both mech-
anisms is a necessary condition for a storm to develop.

The intensification of large-scale convection is as-
sociated with a global increase in the convection elec-
tric field strength, E. (Sergeev and Tsyganenko, 1980;
Lyons and Williams, 1984; Roederer and Hones,
1974). It is known as the ‘directly driven’ process of
the solar wind—magnetosphere interaction. Substorm
injection is associated with longitudinally limited dis-
turbances of magnetic and electric fields (Nishida,
1978; Huang et al., 1992; Carpenter et al., 1972;
Bogott and Mozer, 1973; Roederer and Hones, 1974).
It is called the ‘loading—unloading’ process of the solar
wind—-magnetosphere interaction. Representative times
of E_ variations for these mechanisms are also differ-
ent: 1~ 5-20 min for substorm injection, and t>3 h
for large-scale convection (Lui et al., 1992; Gonzalez et
al., 1994; Chen et al., 1994). Either process could cause
the formation of the ionospheric and field-aligned cur-
rents and produce a decrease of Dy under strong
dawn-to-dusk electric field condition (Sergeev and Tsy-
ganenko, 1980; Takahashi et al., 1991; Arykov et al.,
1996). Since both, substorm injection and enhanced
large-scale convection go on concurrently, it is difficult
to separate the contribution of either mechanism in the
ring current formation. We believe that the problem of
separation may be solved partially by using infor-
mation contained in geomagnetic pulsations.

It is well known that pulsation properties are essen-
tially determined by the structure of the magnetosphere
and the processes taking place within and beyond it
(Guglielmi and Pokhotelov, 1994; Kangas et al., 1998).
Potapov and Polyushkina (1992) have demonstrated
the diagnostic possibilities of geomagnetic pulsations.
In this work the phenomenological model of the D
storm-time variation is established founded on the
ground-based data on geomagnetic pulsations. The
authors use Pi2 pulsations for estimating the rate of
energy injection into the ring current.

There is a one-to-one correspondence between a
spatially limited magnetotail magnetic field dipolari-

zation and a Pi2 train (Yumoto et al., 1989). Thus,
a Pi2 train is a good indicator of substorm injec-
tion and is traditionally used as a substorm timer.
But timing can be correctly done only for isolated
substoms developing against a quiet magnetic field
background. In more complicated cases such as a
substorm with a growth phase and multiple onsets
or a continuous substorm activity, there is no one-
to-one correlation between the westward electrojet
intensifications and Pi2 trains. An increase in the
magnetic activity is associated with a transition
from isolated Pi2 trains to long-lasting irregular
geomagnetic pulsations, that have the same period
as a Pi2 train but an arbitrary wave form (long-
lasting Pi2 series). Examples of two isolated Pi2
trains and a part of long-lasting Pi2 series are pre-
sented in Fig. 1(a) and (b).

Zolotukhina and Kharchenko (1990, 1994) have
done an exploration of temporal variations of mid-
latitude geomagnetic pulsations in the Pi2 frequency
band and an equivalent ionospheric current develop-
ment. The CDAW-6 periods of the isolated (March
22, 1979) and continuous substorm activity (March
31, 1979) have been studied. It was shown that an
individual injection is accompanied by a Pi2 train,
multiple injections are attended by a series of Pi2
trains, and an enhancement of large-scale magneto-
spheric convection occurs together with a long-last-
ing Pi2 series.

This paper presents the observations and analysis
of anomalous disturbances of the geomagnetic field
and ionosphere recorded at the midlatitude observa-
tory at Irkutsk (@'~45°, A'~177°, L~2) in the
course of the large storm on October 18-19, 1995.
We investigate the morphological properties of the
storm-time geomagnetic pulsations and analyze the
information they have about magnetospheric pro-
cesses leading to such unusually strong magnetic
and ionospheric midlatitude disturbances.

The following original data from the magnetic and
ionospheric observatories located near Irkutsk are
used: standard magnetograms, analog recordings of
geomagnetic pulsations with scan rates of 30 mm/min
and 180 mm/h, digitally registered data of the mag-
netic field with a time resolution Az =1 min and of
geomagnetic pulsations with Ar = 0.1 s, f-plots, verti-
cal-incidence ionograms and backscatter ionograms for
the Irkutsk—Magadan path. As to the information on
the physical conditions in the interplanetary space, we
refer to the work by Lepping et al. (1997), in which
the measurements of the solar wind parameters by the
WIND spacecraft are reported. WIND was located at
the distance R~175 Rg (Rg is the Earth’s radius)
upstream of the Earth at the time of interest.
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2. Magnetic storm on October 18-19, 1995: general
description

The intense magnetic storm on October 18—19, 1995
is due to the interaction of the Earth’s magnetosphere
with the interplanetary magnetic cloud. A summary
picture of the storm-induced disturbances on October
18-19 as shown by the K, and Dy indices, as well as
by the magnetic field and ionospheric measurements in
Irkutsk and by geomagnetic pulsations is presented in
Fig. 2(a)—(e). Four vertical dashed lines correspond to
the instants of time at which solar wind parameters
undergo the strongest changes. These data are given by
Lepping et al. (1997) and are designated as A, B, C
and D1. On October 18 at 10:42 UT, WIND observed
the interplanetary shock wave (line A in Fig. 2), fol-
lowed at Az =39 min by an SSC* (Solar—Geophysical
Data, 1995). The main geophysical consequence of the
shock wave is a drastic decrease in the magnetospheric
size. According to estimates made by Lepping et al.
(1997), at the time of the SSC* the distance to the
magnetospheric subsolar point (R,,) decreased from
R,~10.6 to 7.5 Rg. The initial phase of the geomag-
netic storm lasted for 9 h till ~20:00 UT on October
18.

The main phase started 1 h after the abrupt change
of solar wind parameters at the leading edge of the
magnetic cloud (line B in Fig. 2). At 18:58 UT, solar

October 18, 19935

wind density dropped from 50 to 5 cm ™3, and the IMF
B, component changed from B,~10 nT to B,~ — 20
nT (Lepping et al., 1997). The ring current field
reached the maximum intensity Dy~ — 120 nT within
a very short time: Ar~3 h. The October 18-19 storm
was an intense one (Gonzalez et al., 1994). A longer
Dg, drop (~ 14 h) characterizes the storms of this class
(Yokoyama and Kamide, 1997).

The recovery of the magnetic field to a quiet level is
also associated with the IMF change. It started at
~08:00 UT on October 19 after the IMF B. com-
ponent had become positive. Between 08:00 and 20:00
UT on October 19, Dy increased from —103 to —1 nT.
This time interval can be defined as the storm recovery
phase the duration of which (14 h) is short for an
intense storm (Yokoyama and Kamide, 1997). The
data provide evidence that the 18—19 October storm is
distinctly associated with processes in the interplane-
tary space environment.

The next interplanetary shock was recorded on
October 19, 1995 at 17:51 UT (line C in Fig. 2) where
the interplanetary magnetic field increased without a
change of sign of B, (Lepping et al., 1997). It is poss-
ible that this shock wave made some contribution to
the increase of Dy to positive values. Judging from a
small decrease of the value of R, (AR,~ 1REg, Lepping
et al., 1997) this contribution is of a minor nature.

The fourth solar wind inhomogeneity (D1) was
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Fig. 1. Examples of: (a) two isolated Pi2 trains; (b) part of a long-lasting Pi2 series.
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Fig. 2. Summary picture of the development of storm-induced disturbances on October 18-19, 1995: (a) the Dy and K, indices; (b)
the deviations of the H and Z components of the magnetic field (AH and AZ) from the quiet levels; (c) Es critical frequency (foEs)
and deviations of critical frequency of the F2-layer from monthly median values (AfyF2); (d) upper panel — a schematic represen-
tation of pulsation dynamic spectra in the Pil frequency band, lower panel — commencement of isolated Pi2 trains (solid vertical
lines) and time intervals of long-lasting Pi2 series (dashed squares); (¢) the pulsation mean amplitude A(¢) in the Pil frequency
band. Vertical dashed lines correspond to the instants of time when solar wind parameters underwent the strongest changes (Lep-
ping et al., 1997).
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registered at 22:54 UT. It is characterized by a low
density and a high temperature of solar wind plasma,
and coincides with the beginning of the main phase of
the October 20-26, 1995 storm.

3. The peculiarities of the magnetic field variations at
Irkutsk

The development of the storm activity on October
18-19 is well traceable on magnetograms from Irkutsk.
The time variations of the K, and Dy indices and devi-
ations of the H and Z components of the magnetic
field from the quiet levels (AH and AZ) are presented
in Fig. 2(a) and (b). Intense bay-like disturbances of
the H and D magnetic field components lasting from
40 min to 2 h and with amplitudes ~10-50 nT are
observed during the initial and main phases of the
storm. Two of them seem to be connected with A and
B solar wind inhomogeneities. At the time of the SSC*
there is a positive impulse AH=30 nT. The start of the
storm main phase coincides with an onset of the
abrupt bay-like decrease of the H component at
Irkutsk at 19:40 UT (AH=~ — 50 nT in about 5 min).
The time delay (Ar~40 min) between the polarity
reversal of the IMF B, component (line B in Fig. 2)
and the bay commencement is the same as the delay
between the interplanetary shock front observed by
WIND (line A) and the SSC*.

A significant inconsistency of the time variations of
AH and Dy during the storm is observed between
19:55 and 23:00 UT on October 18 only. A bay-like
growth of the H component superimposed on the ring
current field is observed during this time interval. Irre-
gular fluctuations of the magnetic field are typical for
storms. The distinctive property of the October 18—19
storm is that the bay amplitudes in the D component
are comparable to those in the H component. An
interesting and unusual feature of this disturbance is
also the fact that from =x~20:00 UT on October 18 to
~04:00 UT on October 19, the deviation of the Z
component from its quiet level is negative and reaches
its minimum (AZ~ — 50 nT) at 22:45 UT. Then AZ is
positive to the end of the recovery phase. In this sec-
tion, we will not discuss the factors responsible for the
anomalous behavior of the Z component in the course
of the October 18—19 storm, this issue will be taken up
later in the text.

4. Ionospheric manifestations of the storm activity

The most pronounced ionospheric effects of the
October 18-19 storm are the significant F2-layer de-
pletion and the generation of sporadic E-layers. They
are observed over the entire northeastern region of

Russia (Polekh et al., 1998). Here we will discuss only
the ionospheric data essential to the present study.

Deviations of the critical frequency of the F2-layer
from the monthly mean median values (AfyF2) and the
time variation of foE; over Irkutsk are shown in
Fig. 2(c). It is seen, that from ~20:00 UT, October 18
till ~24:00 UT, October 19 there are two dramatic
drops of fyF2 with the daytime and nighttime maxima
of disturbances. Both day and night minima are about
40-50% of foF2 median values. The peak plasma fre-
quency of the F2-layer is less than f)F1 (‘G condition’)
during the October 19 daytime decrease. The multiple
F1 and E traces are observed during the same time
interval (Polekh et al., 1998).

Sporadic E-layers are almost uninterruptedly regis-
tered over Irkutsk from 15:15 UT, October 18 till the
end of the storm except the time interval 09:15-14:00
UT, October 19. Critical frequencies of the layers vary
nonmonotonically in the range from 1.8 MHz (00:00
UT, October 19) to 6.5 MHz (21:45 UT, October 19).
The intensive sporadic Eg-layers located at distances
S<1000 km to the north of Irkutsk, are observed in
backscatter ionograms for the Irkutsk—Magadan path
from 16:37 till 23:07 UT, October 18. The minimal
values of S~400-500 km are registered from 19:00 to
23:07 UT, October 18. An example of the main phase
backscatter ionogram with reflection from Eg-layer is
given on Fig. 3.

It should be emphasized that intense sporadic Eg,-
layers are generated over Irkutsk during the storm
recovery phase within the time interval 14:00-22:00
UT October 19. During the same interval, the F-region
traces are extended in height as in the midlatitude
trough. An example of the vertical incidence ionogram
is shown in Fig. 4.
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Fig. 3. Example of a backscatter ionogram for the Irkutsk—
Magadan path.
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5. Geomagnetic pulsations in Pil frequency band

Since the manifestations of the October 18-19, 1995
storm in geomagnetic Pil pulsations at Irkutsk are
anomalous in both amplitude and frequency, the deter-
mination of the types of pulsations observed is diffi-
cult. We will give only a general picture of the storm
development in the Pil frequency band and a descrip-
tion of the most interesting wave phenomena. The
schematic presentation of the pulsation dynamic spec-
tra, f{(¢), and the time variation of the mean amplitude,
A(t), are plotted in the upper panel of Fig. 2(d) and
(e), respectively.

Magnetic pulsations associated with the storm,
appear already at the time of the SSC*. They are rep-
resented by broadband damped oscillations with
periods Tx660 s, an isolated train of Pi2 and a high-
frequency noise emission shown by the dynamic spec-
trum in Fig. 5. The frequency and amplitude character-
istics of the emission are very similar to those observed
during SSC at polar and auroral observatories
(Guglielmi, 1979). Note that all midlatitude wave
events accompanying and following the SSC* (let it be
symbolized as Psc) have unusually large amplitudes.
This is most likely associated with the abrupt decrease
in the size of the dayside magnetosphere (as pointed
out in Section 2) that led to a displacement of the Psc
pulsation sources towards the Earth.

A noise emission at frequency fx0.1-0.25 Hz per-
sisting until ~23:00 UT on October 19, starts already
before the SSC*. Dramatic changes of the amplitude
and frequency of the noise emission occur during two
time intervals. During the first interval (14:50-17:20
UT on October 18, initial phase of the storm), a
dome-like noise expansion to f~0.8 Hz is observed

October 19, 1995 20:31:00 UT
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Fig. 4. Example of a vertical-incidence ionogram for Irkutsk.

but the pulsation amplitude increases only insignifi-
cantly (see Fig. 2(d) and (e)). During the second one
(20:00-02:00 UT, October 18-19, 1995, main phase of
the storm), an expansion of the spectrum to f~1 Hz is
caused by short-duration bursts similar to Pil(b) fol-
lowing each other with a quasiperiod Az~ 15 min. The
mean amplitude reaches the greatest value ~0.05 nT,
at 22:40-22:50 UT on October 18, 1995. The ampli-
tudes of some oscillations are as large as 0.2 nT.
Dynamic noise spectra during the two intensification
periods are similar to those of high-latitude geomag-
netic Pil(c) pulsations, which permits the entire event
to be interpreted as midlatitude Pil(c).

Further changes of the pulsation spectra and the
appearance of local A(z) maxima (Fig. 2(e)) are caused
by other types of pulsations: the dual monochromatic
structures at ~06, ~07 and ~08 UT with f~0.3 Hz
(Fig. 6) and the series of bursts of increasing frequency
in 07:40-08:40 UT (Figs. 6 and 7). It is impossible to
identify the type of these bursts. They may be both
midlatitude Pil(b) and the IPDP separate elements,
which are more likely to be observed in the morning
rather than in the afternoon sector. In the view of
Kangas et al. (1987) such dynamic spectra are formed
by the IPDP waveguide propagation in the nighttime
ionosphere. In our case, at that time fyF2~3.6 MHz
which under usual conditions corresponds to the night-
time and early-morning F2-layer. The next wave
phenomenon (starting at 08:54 UT) with nonstationary
spectrum is a typical IPDP wave event (see Fig. 7).

From x~11:00 to ~23:00 UT on October 19, 1995,
sonograms show a quasi-continuous emission with

f~0.8-1.5 Hz, Af/f~0.5-0.6. The parts of the

dynamic spectrum of this emission are given in Figs. 7
and 8. The mean pulsation frequency increases gradu-
ally from f~0.9 Hz, reaches its maximum f~1.25 Hz
by 16:30 UT, and again drops to values of f~1.0 Hz
by the end of the phenomenon. The structure and
shape of the dynamic spectra are close to those of
unstructured and semistructured Pcl-2 reported by
Heacock (1970), except the fact that their frequencies
rarely exceed 0.25 Hz. Notice that some structures of
the dynamic spectrum may be interpreted as pulsation
intervals of increasing (IPIP) and decreasing (IPDP)
period (Gendrin, 1970).

6. Geomagnetic pulsations in Pi2 frequency band

The schematic representation of the Pi2 frequency
band pulsations is shown in the bottom panel of
Fig. 2(d). Solid vertical lines and dashed squares mark
the commencements of isolated Pi2 trains and time
intervals of long-lasting Pi2 series, respectively.

The SSC* is preceded by two isolated Pi2 trains
observed at 10:36 and 10:44 UT. The first train co-
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Fig. 5. Dynamic spectrum of the noise emission accompanying and following the SSC*.

incides with the start of the weak noise emission in the
Pil frequency band. The SSC* is accompanied by
another Pi2 train. The initial storm phase shows two
long-lasting Pi2 series of a duration of about 1 h each,
and four isolated Pi2 trains observed within 14:48—
16:20 UT. The last train passes into the third long-last-
ing Pi2 series persisting till 17:40 UT. The fifth Pi2
train is observed at the end of the series, at 17:23 UT.
These five Pi2 trains coincide in time with the dome-
like expansion of the Pil(c) dynamic spectrum. The
beginning of the third long-lasting Pi2 series is close to

the appearance of the intense reflections in backscatter
ionograms.

The start of the storm main phase and the onset of
the second interval of the Pil(c) spectrum expansion
coincide with the next two Pi2 trains recorded at 19:42
and 20:13 UT on October 18, 1995, respectively. The
second train passes into a continuous Pi2 series lasting
till 10:12 UT on October 19. From 21:57 to 23:25 UT
on October 18, one can see a group of six Pi2 trains
within the time interval of the main maximum of
Pil(c) amplitudes (Fig. 2(d) and (e)). Two Pi2 trains
are registered at 01:06 and 01:44 UT on October 19.
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Fig. 6. Dynamic spectrum of the dual monochromatic structures and high frequency bursts.



744 N.A. Zolotukhina et al. | Journal of Atmospheric and Solar-Terrestrial Physics 62 (2000) 737-749

October 19, 1995
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Fig. 7. Dynamic spectrum of the high frequency bursts, IPDP and the onset of the Pcl quasi-continuous emission.

The only Pi2 train during the storm recovery phase is
recorded at 08:48 UT on October 19.

7. Large-scale convection electric field and plasma
boundary locations during the storm: indirect estimates

Let us estimate the large-scale convection electric
field strength E.. Following the investigations by Vasy-
liunas (1968), we can calculate the magnitude of E.
based on the values of K, =4 (15:00-18:00 UT) and
K, =7_ (21:00-24:00 UT) on October 18. In such a
manner we obtain E,~1.2 x 10~2 V/m for the storm
initial phase and E.~4.5x 1073 V/m for the main
phase.

An analysis of the data on E. for different con-
ditions in the solar wind (Nishida, 1978; Lyons and
Williams, 1984) shows that the value E.~1.2 x 1073

V/m during the initial phase is rather overstated. We
may calculate E. by another way. Before 19:00 UT,
B, > 0 so the potential difference across the polar cap
is Ap=~20 kV (Sergeev and Tsyganenko, 1980). Con-
sidering the tail width D~25Rg at L~10, we have
E.~1.2 x 10~* V/m for the initial phase.

Now we will estimate the value of Ag for the time
interval 20:00-24:00 UT in the following manner. The
mean potential difference across the polar cap corre-
sponding to the mean value of B,~ — 5 nT, the solar
wind velocity v~400 km/s and the electric field
strength in the interplanetary space Ey = —v- B, &2 X
1073 V/m, is Ap~40 <65 kV (Nishida, 1978; Lyons
and Williams, 1984). Under these conditions, the
growth rate of the ring current field does not exceed
the level ADy/At~ — 10 nT/h (Nishida, 1978). The
value of ADy/Atx~ —40 nT/h observed during the
storm main phase, requires Fy~9 x 10~ V/m, which

October 19, 1995
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Fig. 8. Part of the dynamic spectrum of the Pcl quasi-continuous emission.
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for a given B,~ —20 nT can be obtained at vx~450
km/s. Assuming a linear relation between Ey and Ag,
we find that the value of A@ could be as large as
Ap=x~180+290 kV during the time interval 20:00—
24:00 UT on October 18. It gives the convection elec-
tric field strength E.~1.1 x 10~ V/m for the onset of
the storm main phase.

The estimate of A obtained by indirect data analy-
sis, is rather large, but it is close to Ap = 200+50 kV
indicated by Chen et al. (1994). At present there is no
unique way of indirect deduction of the exact value of
E.. In the following, we shall use the average values of
E.~6.6x107* V/m and E.~28 x 107> V/m from
those obtained on the basis of K, and A¢, correspond-
ing to the end of the initial phase and the beginning of
the main phase of the storm, respectively.

The hypothetical plasmapause locations in the eve-
ning sector Ly,~4.7 and L,,~2.2 correspond to the
above mentioned values of E. (Nishida, 1978). As a
result the abrupt increase in E. leads to a dramatic
decrease in the size of the trapping region. As it takes
place, the ‘old’ plasmasphere’s cold particles that fall
outside the finite drift trajectories (at L > L) after
~19:30 UT on October 18, are transported to the per-
iphery of the magnetosphere during a time interval
determined by their initial position and by the value of
E.. At this time, the observatory at Irkutsk is in the
morning MLT sector.

The time necessary for the ‘old’ plasmasphere par-
ticles to leave the morning sector may be estimated by
integrating along trajectories similar to those reported
by Chen et al. (1994). Taking into account the depen-
dencies of the velocity of the gradient, corotation and
electric field drifts on L and A, we find that for con-
stant E. the ‘old’ plasmasphere particles will leave the
space over Irkutsk during a time interval from A1, ~30
min (morning sector plasma) to At,~5 h (midnight
population of particles) after the increase of E.. During
the same time interval the morning sector shells with
L> Ly, can be filled with plasma having initially
arrived from the morning part and then from the
entire cross-section of the plasma sheet. Based on data
from the work by Lepping et al. (1997), we may
assume that from =19:30 UT on October 18 to
~00:30 UT on October 19, the value of E. changed
slightly and the process to substitute the total particle
population could be completed at ~00:30 UT on
October 19.

From 00:30 to 18:30 UT on October 19, E.
decreases monotonically to E.~6 x 10~* V/m, which
gives Ly, ~4.9, close to the prestorm value.

8. Discussion

The storm on 18-19 October 1995 differs from other

storms in this class by the high rate of the Dy, drop
during the main phase and subsequent fast recovery of
the Dy index. Another peculiarity of the storm is that
magnetic field and ionospheric disturbances, typical in
auroral regions, have been observed deep inside the
plasmasphere (L~x2). Now we attempt to analyze the
factors responsible for these peculiarities at Irkutsk,
through the use of information extracted from geo-
magnetic pulsations.

Judging from the presence of only two Pi2 trains
and the long-lasting series of Pi2 during the first 2 h of
the October 18-19 storm main phase, the dominant
contribution to the storm ring current enhancement is
not due to substorm injections but due to the convec-
tive transport of plasma sheet particles deep into the
magnetosphere.

To test this assumption, let us compare the L, and
Aty , estimates obtained in Section 7 with the exper-
imental data. The storm main phase starts at Irkutsk
as Pi2 train and as an abrupt short-term decrease of
the magnetic field H component at ~19:40 UT when
the second solar wind inhomogeneity (line B in Fig. 2)
comes into contact with the Earth’s magnetosphere.
The first evidences of a significant amplification and an
advance of the magnetospheric convection current sys-
tem towards the Earth appear at Irkutsk with a time
delay of At;~20 min (at ~20:00 UT) as long-lasting
Pi2 series; as growth in Pil(c) amplitude and expansion
of the Pil(c) dynamic spectrum; as decrease of fyF2; as
decrease of the distances to the sporadic Eg-layers
located to the north of Irkutsk, and as bay-like nega-
tive variation of the Z component of the geomagnetic
field.

Maxima of magnetic and ionospheric disturbances
occur much later: within A, ~4, 10 and 4 h for AZ
(Fig. 2(b)), AfoF2 (Fig. 2(c)) and geomagnetic pulsation
amplitudes (Fig. 2(e)), respectively.

The estimates of Ly, and Aty > found in a drift ap-
proximation are close to the Irkutsk’s L-shell and to
the above-indicated experimental values of Af; 5. It
follows that the abrupt increase in the field strength of
the large-scale magnetospheric convection may be re-
sponsible for the development of the main phase geo-
physical disturbances observed in the morning sector.
The increase in E. implies a rapid transfer of particles
of the peripheral plasmasphere to the magnetopause
and allows the plasma sheet particles to access easily
the shells with L~2. Without going into details we
simply note that an asymmetric ring current can be
formed as a result of an intense convective transport
of plasma sheet particles along the infinite drift trajec-
tories passing near the Earth (Gonzalez et al., 1994;
Takahashi et al., 1991). The development of this cur-
rent is accompanied by the formation of strong field-
aligned and ionospheric currents that give disturbances
of the H, D and Z components of the geomagnetic
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field at middle latitudes of the morning sector similar
to those presented in Fig. 2(b) and in Section 3. In the
same approximation, a rapid decrease and fast recov-
ery of the Dy index may be attributed to the fact that
the contribution of the asymmetric component of the
ring current to the value of Dy dominates the contri-
bution of its symmetric component.

We return to Fig. 2 to analyze the midlatitude effects
of the storm recovery phase. Discrete plasma injections
seem to have occurred at 07:40 UT (high-frequency
bursts of increasing frequency) and at 08:48 UT (Pi2
train). Thus, we can suppose that the recovery phase
development is principally determined by the current
system of large-scale magnetospheric convection. Since
the value of E. has been gradually decreasing during at
least 18 h, plasma sheet particles with ¢>20 keV move
away from the Earth without making a detectable con-
tribution to the symmetric ring current formation.

Pi2 pulsations give the information on the persist-
ence of substorm injection or enhanced large-scale con-
vection only. Some quantitative information on
magnetospheric processes can be obtained through the
use of the Pil frequency band pulsations.

The depth of the plasma sheet inner edge pen-
etration can be estimated by Pil(c) amplitudes. In ac-
cordance with an investigation by Kalisher et al.
(1974), a Pil(c) amplitude ~0.2 nT can be observed at
a distance of S=x400-1000 km to the south of their
generation region, connected with a pulsating electron
stream off the inner edge of plasma sheet. This allows
to suppose that the inner edge of the plasma sheet is
located at a distance of about 4-10° to the north of
Irkutsk (at L~2.4-3.0) during the October 18-19,
1995 storm maximum.

Information on the ion composition and on the lo-
cation of the symmetric ring current can be obtained
by the analysis of the dual monochromatic structures
and the quasi-continuous emission. The dual mono-
chromatic structures can be generated by the convec-
tive ion-cyclotron instability of magnetospheric plasma
enriched with the heavy ionospheric ions in the course
of the storm development. The most likely region of
their generation is the plasmapause re-established after
a geomagnetic disturbance. A similar wave phenom-
enon at f~0.1 Hz, near the oxygen cyclotron fre-
quency, has been observed by ISEE 1 and 2 at L~x6.6
(Fraser et al., 1992). In the framework of the same
generation mechanism the waves with f~0.3 Hz can
be emitted at L~3.8-4.3. In our case Dy~ — 100 nT
and the dual monochromatic structures could be gener-
ated at L < 3.8.

Now we turn our attention to the above-men-
tioned quasi-continuous emission appearing at 11:00
UT on October 19. It is hard to tell whether these
intense (for middle latitudes) pulsations could make
a detectable contribution to the fast ring current

decay. We have pointed out that these pulsations
are similar to semi-structured Pcl-2 observed at
College (L=5.4). Zolotukhina (1982) suggests a gen-
eration mechanism for such emissions by protons of
the inner edge of the plasma sheet. A mathematical
model for determining the depth of penetration and
the energy of the particles is suggested by Guglielmi
(1979). The emission frequency f~Q-A/w, where
velocity w = +/2e/m; m, Q and ¢ are the mass, gyro-
frequency and energy of emitting particles, respect-
ively, and A4 = H/+/4np—the Alfven velocity.
Assuming Q~m~'L73, plasma density p~L~", with
5<v<6 and the particle energy in the part of drift
trajectories nearest to the Earth e~L~! we obtain
f~m~V2. L0022 If at Lx5.4 emitting particles
are protons and the emission frequency f~0.25 Hz,
we find that at La~2 such a mechanism will give
oscillations with f~1 Hz for the mass m; of emit-
ting particles 24m,>m; >9m,. This most closely cor-
responds to singly charged nitrogen and oxygen
ions which have a rather high concentration at
polarization jet latitudes (Galperin et al., 1997; Rod-
ger et al., 1992). Thus, the presence of a quasi-
stationary noise band with f~1 Hz during the
recovery phase of the October 18—19 storm indicates
ionospheric ions to be one of the components of
the ring current during this storm.

The drift approximation gives only a rough descrip-
tion of the complicated storm magnetospheric pro-
cesses. Among other things, we neglect the
contribution of discrete injections, occurring from
21:57 to 23:25 UT on October 18 as judged by the Pi2
trains. We also ignore the screening of the large-scale
magnetospheric convection field over the region where
hot plasma of plasma sheet and cold plasmaspheric
plasma are in contact. It leads to the development of
the polarization jet which coincides with or lies inside
the plasmapause in the morning sector (Galperin et al.,
1997; Rodger et al., 1992).

We suppose that it is the relatively inert eastern
polarization jet with a width of about 100 km flowing
at 1~ 100 km, that is able to cause a marked, 8-h long,
smooth decrease of the Z component of the geomag-
netic field together with a bay-like growth of the H
component superimposed on the ring current field,
pointed out in Section 3. Judging from the bay ampli-
tude ratio (AZ/AH~ —2/3) at the maximum of dis-
turbances, the center of the jet is ~70 km southward
of the observation point (and with induction taken
into account, ~ 150 km). If the westward auroral elec-
trojet located to the north of Irkutsk had been the
reason for the negative AZ disturbance, the time evol-
ution of AZ could not have been so smooth as it is
seen in Fig. 2 (b). The presence of the polarization jet
near Irkutsk’s latitude is a further evidence of the
dominating role of enhanced magnetospheric convec-



N.A. Zolotukhina et al. | Journal of Atmospheric and Solar-Terrestrial Physics 62 (2000) 737-749 747

tion in the development of the main phase of the Octo-
ber 18—19 storm.

Summarizing the observations and estimates pre-
sented above, it is shown that the auroral phenomena
over Irkutsk during the storm main phase are due to
the displacement of their generation regions deep into
the magnetosphere. This confirms our conclusion
based on the Pi2 analysis, that enhanced magneto-
spheric convection could be the primary factor in the
development of the October 18-19, 1995 storm. It is
interesting to note that Jordanova et al. (1998) have
arrived at the same conclusion by the kinetic modeling.
Since, according to Lepping et al. (1997), the solar
wind density is reduced by an order of magnitude at
19:00 UT on October 18, the southward displacement
of the auroral activity after 19:40 UT is not associated
with a change in the size of the magnetosphere as a
whole.

9. Conclusions

The intense October 18—19, 1995 magnetic storm is
due to the interaction of the Earth’s magnetosphere
with the interplanetary magnetic cloud. The initial and
main storm phase onsets are distinctly associated with
the abrupt changes in the interplanetary space environ-
ment. The recovery phase starts after the IMF B, com-
ponent has become positive.

The October 18-19 storm differs from storms of
such class by the high rate of Dy drop during the main
phase and subsequent fast recovery of the D index.
The following distinctive peculiarities of the storm are
observed at the midlatitude observatory at Irkutsk
(@' ~45°, A'~177°, Lx2).

The amplitudes of bay-like variations of the mag-
netic field D component are comparable to those of
the H component. The deviation of the magnetic field
Z component from its quiet level is negative from
~20:00 UT on October 18 to ~04:00 UT on October
19, and gets its minimum (AZ~ — 50 nT) at 22:45 UT.

A significant F2-layer depletion is observed during
the main and recovery phases. The foF2 minima corre-
spond to about 40-50% of median values. The intense
sporadic Es-layers located at distances S<1000 km to
the north of Irkutsk, are observed during the initial
and main phases. The intense sporadic Eg,-layers are
generated over Irkutsk during the storm recovery
phase.

Intense high-frequency geomagnetic pulsations are
registered: the high frequency noise emission accompa-
nying the SSC*; Pil(c), Pcl at f~0.3 Hz and Pcl at
f~1 Hz.

The above-mentioned magnetic field and ionospheric
disturbances are similar to those observed over the

auroral region and are extremely rare in middle lati-
tudes.

The estimates of the plasmapause location and of
time delays between the B, reversal and the onset and
maximum of the storm activity found in a drift ap-
proximation are close to the value of Irkutsk’s L-shell
and to experimentally determined time delays, respect-
ively.

Our findings on the basis of observations of solar
wind parameters, geomagnetic pulsations, magnetic
fields and ionospheric layers along with indirect esti-
mates of the electric field strength of the large-scale
magnetospheric convection during October 18-19,
1995, allow us to make the following main conclusion.

The October 18-19, 1995 storm is the limiting case
where the dominant mechanism responsible for the
development of storm-induced disturbances is not the
substorm injections of plasma clouds into the inner
magnetosphere but the quasi-stationary transport of
plasma sheet particles as deep as L=x2 due to the
enhanced magnetospheric convection. This process has
become possible by the gradual and slow increase of
the IMF B, component after the abrupt B, reversal, in
the magnetic cloud surrounding the Earth.

The existence of storms similar to the October 18-
19, 1995 storm gives support to the view by Gonzalez
et al. (1994) that the model representing all storms as a
superposition of substorms is not universally true.
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