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Electron temperature increase in the polar lower thermosphere observed by Langmuir
probe during the DELTA campaign
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The sounding rocket ""S-310-35""" was launched at 00:33:00 UT on 13 December 2004 from Andoya Rocket Range in
Norway, during the DELTA (Dynamics and Energetics of the Lower Thermosphere in Aurora) campaign. On the sounding
rocket, the payload zone was separated into two stage; upper and lower stages to avoid a possible influence of positive chargi
due to electron beam emission by the NTV (Neutral Temperature of Vibration) instrument. The FLP (Fast Langmuir Probe) was
developed to measure the electron temperature and number density in the lower ionosphere, and was installed on the lower stz
while the NTV being on the upper stage. During the rocket flight, the FLP successfully measured the voltage versus curren
relationship of the probe.

The electron temperatures can be estimated by evaluating the relationship between the probe current versus voltage. In t
rocket's wake region, the temperature tends to be overestimated because of a distortion of the probe characteristics. Su
high temperatures were not considered, when discussing the general trend of the temperatures. Altitude profile of the electrc
temperature indicates the local increase by several hundreds K at 107 km-110 km during the rocket’s ascent, and at 105-120k
during the rocket’s decent.

When the rocket was ascending, heating due to precipitating electrons may cause the local increase of temperature. In fact, t
region where the local increase of the electron temperature was observed is in good agreement with the direction of bright auror
emission identified by all-sky imager, and moreover an enhancement of the precipitating electron energy flux was simultaneousl|
observed by APD (Aurora Particle Detector). However, it is unlikely that the electron temperatures are attributed to particle
heating by precipitating electrons. It is more likely that either an artificial effect of the NTV on the Langmuir probe measurement
or the heating due to Farley-Buneman instability.

When the rocket was descending, an outstanding feature of the Langmuir curve from which electron temperature increase
were obtained is that the probe current contains a high-frequency fluctuation. Application of FFT (Fast Fourier Transformation)
to the temporal variation of the probe currents suggests that a density perturbation has a spatial scale of several meters and
spectral power is intensified in both ends of high electron temperatures. Because of such observational evidence, the electr
heating may be attributed to Farley-Buneman instability. A comparison of the ion acoustic velocity with the electron drift velocity
relative to ions which are calculated from EISCAT measurements and MSIS model suggest that the Farley-Buneman instabilit
was generated in this region. Furthermore, when assuming the electron heating due to Farley-Buneman instability, the hig
electron temperatures observed by the FLP below 108 km altitude can be quantitatively explained.

In this presentation, we will quantitatively discuss a possible cause of the local electron temperature variations in the pola
lower ionosphere, mainly focusing on heating due to Farley-Buneman instability.
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