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ABSTRACT

Two spread-F flights were performed under equinox conditions in April and September 1998 from the Indian
low-latitude station SHAR. Both flights detected plasma bubbles confined to a narrow longitudinal extent.
Plasma parameters are measured under two different conditions in the post-sunset ionosphere; when the F-
layer is moving upward (19:21 IST launch) and when the F-layer is stationary (20:41 IST launch). Low
altitude bubbles during upwelling of the F-region in the prereversal current enhancement phase are
characterized by turbulent, non Maxwellian regions. Transitional scale waves with k=-3.6 are observed in the
bubbles. This flight also detects strong sharp E-layers during downleg and an intermediate layer at 170km.
Nighttime bubbles during almost stationary F-layer conditions show turbulent, Maxwellian features with
moderate cooling compared to the undisturbed environment. Transitional scale waves in the bubble region
show a spectral index k=-3.1. The spectral power is reduced by around 20dB compared to the sunset flight.
© 2001 COSPAR. Published by Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Three RH 560 MK 11 rockets were launched from the Indian low-latitude station SHAR (13.7°N, 80.2°E)
under equinox conditions in 1998 during the Indo-German rocket campaign DEQS (Dynamics of the
Equatorial ionosphere Over SHAR). DEOS Rocket campaign is comparable to the Condor Rocket campaign
of 1986 in Brazil (Kelley et al., 1986). DEOS campaign offers a different set of insitu and ground-based
examination of the post-sunset physics of equatorial spread F in the India sector. Indian ionosonde and
magnetometer network provided support observations and radio beacons were also carried aboard the rockets.

The rocket campaign DEOS and the scientific payload have been described by Thiemann et al. (1999).
Since one flight had problems with nose cone ejection, we concentrate on two flights, launched on April 19,
1998 at 19:21 IST (flight FO5) and September 28, 1998 at 20:41 IST (flight F06). Ionoscnde measurements
identified bottomside spread F, starting around 20:00 IST (Indian Standard Time) for both launch days.
Range spreading was 200km and 130km for FOS and FO6, respectively. The first flight was performed during
the prereversal current enhancement phase.

We present data from two Langmuir probes. One spherical Langmuir probe is operated in a sawtooth
swept voltage mode. Hysteresis effects have been studied with reasonable agreement of the plasma
parameters in both voltage ranges. A critical parameter in the evaluation of Langmuir curves is a reliable
derivation of the plasma potential ®,. Pfaff (1996) identified ®,, as last point with the exponential rise in the
current. Another approach (see e.g. Hirt et al., 1999) takes the inflection point between electron retardation
and saturation region as defined by I(®,;)=0. Both methods agree for ideal conditions with a sharp transition
between retardation and saturation region. Normal collectors, however, show energy smearing of the electron
retardation region due to work function patchiness (Brace, 1998) with associated smooth current transition.
Therefore, we derive the plasma potential by the intersection of the extrapolated retardation and the
saturation currents. The approximated retardation current follows by extrapolating linearly the largest slope
My, of the logarithmic current characteristic.  Electron temperature is derived from the largest value of my,,
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and electron density from the current at ®,,. To

evaluate also small probe current data, a sliding 240 — 19.4.98
average procedure of 10 Langmuir curves has been
applied. 320
TN
Fluctuations in a frequency range up to 3.1 L300 |~ e
kHz are measured by a second Langmuir probe. r ]

Designed as a high pass filter, this probe provides 280 /_/’—/

reliable measurements starting around 10Hz. 260
ELECTRON DENSITY AND TEMPERATURE

The ionospheric conditions are described 540+ — 28.9.98
by the motion of the F-layer as seen by ionosonde 120

measurements over SHAR. Figure 1 shows the
height of the bottomside F layer h’F versus local  « 300 o\
I -

time (IST). The vertical bars mark the T \

corresponding time of launch. The first rocket 280 \_\,___,\
(flight F03) is launched at 19:21 IST while the F- 260 k
layer moves upward, the other rocket (flight F06)

at 20:41 IST when the F-layer is quite stationary. 240 19:00 19:30 20:00 20:30 IST

Plasma parameters derived from the equinox
flights in April and September 1998 are shown in Fig. 1. Virtual height of F-layer versus local time.
Figure 2 and 3. For the different altitude regions, Vertical line gives time of launch.
the solid and dotted lines characterize the quality
of the instrumental resolution. In the low altitude region (dots) data points are derived from small probe
currents with associated low density and instrumental accuracy in contrast to the higher altitude region (solid
curves).

The FOS5 flight density profile shows undisturbed plasma conditions in the upleg phase. E-region features
are completely missing. An intermediate layer appears to form around 180km. After a weak F-region valley
around 240km, we note the transition to a pronounced F layer, where the F- maximum altitude is not reached
yet. Significant structures are observed during downleg. Two sharp E-region layers at 100 and 118km extent
vertically around 10 and 6km, respectively, They show around 20 times increased densities compared to the
ambient background density. A deep E-region valley forms around 140km, followed by a clear intermediate
layer at 170km and a F-region valley between 200 and 230km. Below the bottomside F-layer we observe two
plasma bubbles at 257 and 270km in the density gradient region. The F-region maximum is reached at 410km.

Electron temperature measurements show comparable up- and downleg profiles in the F-region with
temperatures increasing fom 1000 to 1500K between 300 and 430km. At lower altitudes we note a strong
increase of electron temperature with decreasing densities. This effect is caused by the low currents and the
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Fig. 2. Up- and downleg electron density and temperature profiles for flight FO5 (19.4.1998, 19:21 IST).
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Fig. 3. Up- and downleg electron density and temperature profiles for flight FO6 (28.9.1998, 20:41 IST)

large voltage increment of 95mV of the Langmuir probe, which tends to produce higher temperatures. With
higher densities in the intermediate and the E-region layers of the downleg profile, the temperatures approach
again the values of the F-region, suggesting almost constant temperatures around 1100K in the whole lower
altitude range. Prominent features are the temperature peaks, which correlate with the density bubbles, and
which are not related to the instrumental resolution.

Plasma parameters derived from the September 1998 flight are shown in Figure 3. The F-layers in both
flight phases are very pronounced. Plasma bubbles are only observed during ascent in an altitude region
between 290 and 350km. The F-region maximum is located at 390km (upleg) and 370km (downleg). Steep
density gradients at the bottomside F region characterize the transition to the F-region valley. Structures at
still lower altitudes are affected by the small probe currents, producing noisy density signatures. The upleg
electron temperature profile shows values around 1100K in the bubble region and around 1200K in upper
altitudes. For altitudes <250km, temperatures are unrealistically enhanced up to 2500K and more, We observe
again the increase of temperature with drastically decreasing densities. The downleg profile shows temperatures
around 1200K without significant variation in the relevant altitude region. The bubble region shows in contrast
to the FOS flight reduced temperatures.

DISTRIBUTION FUNCTION

The second derivative of the current-voltage characteristic is related to the Maxwellian electron
distribution function, where spherical Langmuir probes are also able to derive anisotropic distributions (Schott,
1968). With a probe surface A, the energy distribution function F(E) is given e.g. by Oyama and Hirao (1985).
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E= ®,,- Us is the voltage equivalent of the particle energy with the probe potential Up and the plasma
potential ®,,. We use the corrected, extrapolated retardation current and the derived electron density.
Significant altitude variation of the distribution function for the F05 flight is found in the bubble region during
downleg, where the distribution functions show pronounced modifications of the Maxwellian features.
Electrons are energized at the expense of low energy electrons. Selected distribution functions for 3
representative regions of the downleg bubbles are shown in Figure 4. Figure 4 left panel refers to the density
depletion at 270km, Figure 4 right panel to the density depletion at 257km and Figure 4 center panel to the
density maximum at 264km. The electrons are almost Maxwellian at the location of the density maximum. In
the depleted regions, the electrons are not only heated, but show also significant deviations from the
Maxwellian. The distribution functions in the bubble region are quite dynamic and have been averaged over
around 2 km. Enhanced, and different temperatures in the upper and lower bubble shown in Figure 2 correlate
with the thermal spread in the distribution function. Different features are seen in flight F06. The reduced
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temperatures observed in Figure 3 are
related to Maxwellian distributions. The
upleg- (bubble altitudes) and downleg-
(undisturbed  conditions) distribution
functions at 300km are shown in Figure
5. The dots represent interpolated
measurements and the dashed curve the
associated Maxwellian distributions. The
Maxwellian features of the measurements
are evident. The distribution function
finally provides a test for our data
evaluation, since the integrated
distribution  function represents the
electron density. Except for small
densities <10 cm™, we found agreement
within £10%.
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6r i SPECTRAL RESULTS
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Fig. 5. Energy distribution function at 300km < -40
for flight F06. o
of +1km. For both flights we observe enhanced g 50 2
spectral power inside the bubble region. The spectral -60
power in the bubble region of flight FO05
simultaneously exceeds the level of the bubble region -70
of FO6 by around 20dB. Spectra with comparable £O5 dwle FO6 uole
power comparable to F06 results have been- found —-80 ng P P1i 3
during the PLUMEX I campaign (Kelley et al, 10% 51072 510% 510° 10% s10%2 5102 510
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amplitude is limited, we note pronounced
transitional scale irregularities between around 5m
and 40m. The spectral index in the FO05 and FO06
bubble is k=-3.6 and k=-3.2, respectively.

Fig. 6. Wavenumber spectra for F0O5 (left) and
F06 (right). Spectra taken inside bubbles are
labelled 1. Spectra outside bubbles are labelled 2.
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SUMMARY

Sharp E-region layers similar to those of flight FO5 were also detected by Raizada and Sinha (2000) during
strong spread F. A comparison is given by Gupta and Thiemann (2000).

Intermediate layers have been observed the first time over SHAR. The two profiles of the post sunset
flight suggest meridional neutral winds in the valley region between the E and F regions, where a tidal like
meridional wind profile acts to deplete the background density and enhances the density in the intermediate
layer (Ostermann et al., 1994).

Plasma bubbles in the two flights are detected either during descent or ascent, confirming qualitatively a
case study of the evolution of equatorial plasma bubbles, which are confined to a narrow longitudinal extent as
they drift eastward (Whalen, 2000).

Bubbles seen in the postsunset flight at low altitudes (240-270km) show temperature enhancements
between 500 and 1000K compared to the undisturbed environment. The regions of high temperatures are
associated with very high turbulence and a fluctuation level in the nonlinear range. The non Maxwellian
distribution functions are assigned to the bubble regions and suggest nonlinear wave heating. Density depletion,
wave activity and modification of the distribution function are clearly correlated.

Bubbles seen during the nighttime flight are detected in the bottomside F-layer at altitudes between 290
and 350km. The spectral power in the bubbles is reduced by about 20dB compared to the evening flight.
Electron temperatures reduced by about 100K are related to the bubbles in the bottomside F-region. The
distribution functions in- and outside the bubbles keep their Maxwellian characteristics. A cooling mechanism
that accounts for the reduced bubble temperatures is still an open question.
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