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Plasma wave characteristics due to the wake of an ionospheric sounding rocket
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In the ionosphere, a rarefied plasma region called ‘plasma wake’ is formed behind a sounding rocket. Electron distributior
functions in the spacecraft wake have ever been studied by a numerical simulation and it suggests they should be different frol
the Maxwell-Boltzmann distribution function in the near wake. Thus, plasma waves are expected to generate in the wake of :
sounding rocket. In fact, in the region close to an artificial satellite and solar system bodies such as Moon, plasma waves arour
the wake have been already reported.

There are, however, few studies which point out that plasma waves observed in rocket experiments are associated with tt
rocket wake. For this reason, we are now analyzing the data of the electron number density and electric fields of plasma wave
in mid-latitude ionosphere by an impedance probe and a plasma wave receiver, which were installed on the sounding rock
S-520-26. In the analysis, we have found plasma waves in a frequency range of 1.3-2.4 MHz (hereinafter called Group-A) a:
well as those in a frequency range between 0.02 MHz to aboutO(&foup-B), and those between from about Q.5tb 0.9
f.. (Group-C), where{ is electron cyclotron frequency. The Group-A emissions are similar to the waves observed in previous
studies. Although the frequency range of the Group-A waves is around the UHR frequency, we have revealed that there are son
emissions which are not explained by the dispersion relation of the UHR mode waves in the wake region, where the magneti
field and electron number density are deduced from the IGRF model and the impedance probe data. Based on the results,
can be suggested that the Group-A waves are short-wavelength electrostatic waves including the UHR mode waves and also t
electrostatic electron cyclotron harmonic (ESCH) waves. On the other hand, the Group-B and Group-C waves are the whistle
mode waves.

Besides, the analysis with the rocket attitude data has revealed that the Group-A emissions are enhanced when the dipc
antenna measuring the electric field pointed in the directions of-220 and 150-25(° in spin-phase angle while that the
Group-B waves have been observed clearly when the antenna pointett 1d0and 200-300°, and that the Group-C waves
are found in 90-16(. Here, we define Vin spin-phase angle as the direction of the rocket velocity vector. The spin-phase
angle increases in a counterclockwise direction when we see the rocket from the top to the bottom. The spin-phase dependenc
suggest the inhomogeneous distribution of the occurrence regions of the plasma instabilities with respect to the wake structur
or the anisotropy of the wave propagation in plasma.

In order to discuss the generation mechanism of the observed plasma waves, we have performed calculations of plasma d
persion relations numerically by assuming anisotropic velocity distribution functions including an electron beam or temperature
anisotropy. As a result, positive linear growth rates have been obtained in the wave number and frequency ranges of the UH
mode waves and ESCH waves in addition to the electrostatic whistler mode waves. Real distribution functions around the rocke
wake, however, might not be our simple ones as we assumed. Therefore, further studies with using Vlasov-Maxwell simulatior
will be needed.

In this presentation, we summarize the characteristics of the plasma waves measured in the S-520-26 rocket experiment a
discuss plasma instabilities caused by the interaction between a rocket and ionospheric plasma, using calculation results of tl
linear growth rate of the plasma wave instability.
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