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Abstract
A study of the plasma bubble zonal drift velocities is
carried out using experimental airglow data registered at

Cachoeira Paulista (22.5° S, 45° W, dip 30° S) during the
period from October to March, between 1980-1994. This
study is based upon 109 nights of zonal scanning
photometer measurements of Ol 630 nm airglow. The
zonal velocity magnitudes of the ionospheric bubbles are
investigated taking into account the geomagnetic effects.
The geomagnetic activity condition in this study is based
on the 3-hour geomagnetic index Kp. A detailed analysis
of these plasma bubble velocities, as a function of
geomagnetic activity, shows that the velocity variations
expressed by Vfinal — Vinitial are smaller during quiet

nights than during disturbed nights. In addition, it is noted
that the mean velocities present the highest (lowest)
values during quiet (disturbed) nights of solar maximum
(minimum). Also it is observed that the tendency of the
plasma bubbles is to appear earlier during corotating
stream events than transient or no stream periods.

Introduction

The low-latitude large-scale ionospheric plasma
depletions, or plasma bubbles, have been extensively
monitored over the South American region for more than
two decades through several techniques, such as optical
techniques (Weber et al., 1978; Sobral et al., 1980a, b,
1985, Sobral and Abdu, 1991; Taylor et al., 1997; Sahai
et al., 2000). The plasma bubbles drift zonally eastward
with velocities of about 100ms-1 (Sobral and Abdu, 1990,
1991). These motions, usually called drifts E x B or zonal
drift, occur due to a combination between the action of
vertical electric ionospheric and the geomagnetic fields.
The study of the plasma bubble zonal drift is very
important to understand the low latitude ionospheric
dynamics, since these bubbles are consequences of the
action of the entire ionospheric dynamo system on these
regions (Heelis et al., 1974; Richmond et al., 1976; Fejer
et al.,, 1985). Another application for this study is to
providing input data to modeling and theoretical
simulation developments of the ionospheric dynamics
(Anderson e Mendillo, 1983; Nakamura et al., 1984).

Methodology

In this work a detailed study of the plasma bubble zonal
drift velocities dependence on geomagnetic activity is
carried. This study is based upon 109 nights of zonal
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scanning photometer measurements obtained during the
period from October-March between 1980 and 1984.
These velocities were registered at Cachoeira Paulista
(22.5° S, 45° W, dip 30° S) region using a photometric
observational database of the airglow 630 nm.

To the first analysis presented here, the set of data (109
nights) were grouped into two groups according to the
solar activity. It was selected five nights with the lowest
and the highest relative XKp values to each month of the
minimum and maximum solar activity periods (Table 1).
The XKp values are related to the first night bubble
occurrence. It was determined that the maximum solar
activity period corresponds to Sunspot Number > 94.3
(1980 — 1982 and 1988 — 1992) and the minimum to
Sunspot Number < 67 (1983 — 1987 and 1993 — 1994).
To the second analysis the set of the data were grouped
into four groups:

a) data registered at disturbed days during the solar
maximum activity (30 nights of experiments);

b) data registered at quiet days during the solar maximum
activity (30 nights of experiments);

c) data registered at disturbed days during the solar
minimum activity (24 nights of experiments), and

d) data registered at quiet days during the solar minimum
activity (25 nights of experiments).

After, the points of mean velocities registered at 109
nights of experiments during the maximum and minimum
solar activities were plotted as a function of ZKp. To
finalize this work, these mean velocities were plotted as a
function of local time and of Kp, during corotating,
transient and no stream periods. The so-called corotating
stream period is characterized by a long-lasting high-
speed solar wind stream emitted by coronal holes that
exhibited an apparent tendency to recur at intervals of
~27 days. The so-called transient stream period is
characterized by the other kinds of streams (the flare-
generated streams, for example).
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TABLE 1 — Relation of the 5 nights with the lowest (quiet) highest (lowest) values during quiet (disturbed) nights of
and the highest (disturbed) relative TKp values to each solar maximum (minimum).
month of the minimum and maximum activity periods.
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Figure 1 presents the dispersion diagrams at the local ] ]
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for solar maximum and minimum activities. It is observed o 10 20 30 0 50

that the zonal velocities for the quiet and disturbed nights
tend to decrease according to the local time. In Table 3
the acceleration and mean value tendencies of the zonal
velocities at 20LT and 02LT plotted in the Figure 1 are
presented. It is noted that the mean velocities present the

=Kp
drift velocity variations of the plasma bubbles according to
the local time and the daily XKp index during corotating,
transient and no stream periods. It is noted that the
tendency of the plasma bubbles is to appear earlier
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during corotating stream than transient or no stream
event periods.

FIGURE 3 — Zonal drift velocities registered during 109
nights according to local time and XKp daily values.
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Conclusions

A study of the zonal plasma drift velocities detected at
Cachoeira Paulista during the period from October to
March, between 1980-1994 was developed. These zonal
velocity magnitudes were investigated regarding to the
geomagnetic activity.The principal conclusions of this
study are: The velocity variations expressed as Vfinal —
Vinitial are smaller during quiet nights than during
disturbed nights (Table 2);

The mean velocities present the highest (lowest)
values during quiet (disturbed) nights of solar maximum
(minimum).

Generally, the zonal plasma drift velocities behavior
is inversely proportional to Kp values. For TKp=5 and

*Kp=40 were obtained 137.7 ms-1 and 88 ms-1 as mean
velocities, respectively (Figure 2). Also it is noted that the
tendency of the plasma bubbles is to appear earlier
during corotating stream than during transient or no
stream event periods.
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