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Abstract. We have carried out a program of continuous Interplanetary Scintillation (IPS)
monitoring of the interplanetary activity using Ooty Radio Telescope (ORT). From May
1990 to March 1991, during the 22"¢ solar maximum, a few radio sources were monitored
to provide long stretches of IPS data with a high-time resolution of few minutes. These
observations covered 0.3 to 0.8 AU region (12° to 70° elongations) around the sun at several
heliographic latitudes. During the observation, we detected 33 short-time scale IPS events
which had significant variation in the scintillation index and solar wind velocity. These
were considered to be due to travelling interplanetary disturbances.

A multi-component model of plasma density enhancement was developed to estimate
the geometry and physical properties of these IPS events. Detailed analysis of 20 of these
events suggests, 1. fast IPS events were interplanetary signatures of Coronal Mass Ejec-
tions (CMEs), 2. the average mass and energy of these events was ~ 10'® gm and 10%°
erg respectively, 3. 80% of IPS events were associated with X-ray flares on the sun and
50% were associated with geomagnetic activity at earth. Detailed study of the multi-
component model suggests [PS observations at smaller elongations (hence at higher radio
frequencies) are more suited to detect fast-moving interplanetary disturbances such as
produced by CMEs.
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1. IPS Monitoring Programme

Interplanetary Scintillation (IPS) is produced when radio waves from a com-
pact radio source are scattered due to the density fluctuations in the solar
wind. In the region of weak scattering (where the rms phase fluctuations are
less than 1 rad), characteristics of scintillation provides information about
the average density and velocity of the plasma along the line of sight. Hence,
the technique is extensively used to study the properties of the interplane-
tary medium and interplanetary activity (Gapper et al 1982, Tappin et al
1983). However due to various limitations of telescopes, IPS observations in
the past were more sensitive to long duration (hence slow moving) interplan-
etary disturbances. In order to study interplanetary activity over short-time
scales of a few minutes to a few hours, we carried out a programme of contin-
uous IPS monitoring during the 22" solar maximum. During May 1990 and
March 1991, we observed 14 strong IPS sources over elongation of 20° to 60°
and heliographic latitudes 0° to 80°. Every day, one IPS source was observed
continuously for ~ 8.5 hours to provide a long stretch of scintillation data.
After calibrating and removing intereference, the data were analysed to pro-
vide time series of IPS power spectra, scintillation index and solar wind
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velocity. Initial estimates of the solar wind velocity were obtained using the
method of single station velocity estimation (Manoharan & Ananthakrish-
nan, 1990).

On 59 days (out of a total of 210 days) we observed significant variation
in scintillation index and solar wind velocity within 8 hours. These days were
classified as IPS-active days. Of these, 33 days, which showed a systematic
variation in index and velocity were selected as IPS-event days. Considering
the time scale of index and velocity variation, these events were classified as
slow (> 4 hours), medium (< 4 hours) and fast (few minutes) events. Figure
1 shows two of the fast IPS events observed on July 31%% 1990 and August
25th 1990. Observations showed simultaneuous increase in the scintillation
index and velocity within a few minutes. The index and velocity returned
to their normal values after the event. The variation in index and velocity,
observed during an IPS event, was attributed to an interplanetary distur-
bance crossing the line of sight. We developed a multi-component model of
scattering by interplanetary disturbances to model the 33 IPS events.

2. Multi-component IPS model

The medium along the line of sight was divided into two components name-
ly ‘event component’ and ‘normal component’. While normal component
represented quiet solar wind with normal velocity and density, event com-
ponent was due to interplanetary disturbance travelling across the line of
sight with different density and velocity. Typically, interplanetary distur-
bance was considered as a dense high-velocity cloud of plasma travelling
with specified geometry. Contribution of interplanetary disturbance to scat-
tering thus varied with time resulting in time series of model power spectra,
scintillation index and velocity. The detailed profile of variation of index and
velocity was related to the geometry of disturbance, such as ejection angle
and size, and physical properties, such as density and velocity. The observed
time series of index and velocity was modeled using the multi-component
model to obtain reasonable visual match. Figure 1 shows the time series
of model index and velocity (bold line) superposed onto observed series of
index and velocity (thin line). Of the 33 IPS events, we could model 20
events using the multi-component model and obtained velocity, mass and
kinetic energy of the interplanetary disturbances.

3. Results

Detailed study of the multi-component model was -carried out considering
mass ejection at several angles observed at different elongations and radio
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Fig. 1. Interplanetary disturbance of July 31°*, 1990, was due to Coronal mass ejection
at 45° to the Sun-Earth line on July 30*". Extended bow shock associated with the ejecta
resulted in sudden ionospheric commencement and rise in K, index on 1 August. On
August 24th, 1990, wide spread flare activity was observed directed towards earth. IPS
event (lower box) was observed on August 25" which resulted in geomagnetic activity on

August 26",
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frequencies. This suggests that the rapid variations in index and velocity,
such as observed during the present study, are best detected at smaller elon-
gations and at higher radio frequencies.

Onset-time of the IPS activity and the velocity of interplanetary dis-
turbance was used to study association of IPS events to solar-geomagnetic
activity. Each IPS event was mapped to a possible position and time-of-
origin at the sun. Simillarly, the event was projected at 1 AU to an expected
time-of-arrival of the disturbance at the earth. We considered a window of 5
hours around the expected time of origin and time of arrival while associating
the IPS event. Correlation of the time of origin with various solar activities
shows that 80% of IPS events were associated with reports of Coronal Mass
Ejections (CMEs) and Long Duration X-ray Events (LDXE). The average
mass and energy of the IPS events was found to be 5.3 x 10'® gm and 3.5
x 103% ergs, respectively, which is in agreement with the study of CMEs
and the distribution of their mass and energy (Wagner 1984, Kahler 1992,
Jackson 1993).The average opening angle and width of the disturbances was
found to 42° and 8 x 10° km.

Correlation of the time of arrival of IPS events with the geomagnetic
activity implies 50% of the IPS event resulted in geomagnetic activity in the
form of sudden ionospheric commencement followed by a rise in K, index.
For these events the IMP-8 satellite data also showed rise in velocity and
density of plasma. We thus suggest that the short-time scale IPS events
are the interplanetary signatures of high-velocity CMEs. This is in agree-
ment with current understanding of role of CMEs in solar-terrestrial activity

(Webb 1996, Low 1996).
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