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A sounding rocket moving supersonically in the ionosphere interacts with the surrounding plasma. It leads to the formation of
a rarefied plasma region called plasma wake behind the rocket. Through several rocket experiments carried out previously, it h:
been suggested that plasma waves are excited around the rocket wake [Yamamoto, 2001; Endo et al., 2015]. Endo et al. (20
classified plasma waves observed in the S-520-26 rocket experiment into three groups as Group A, B, and C. They conclude
that Group A waves are electrostatic electron cyclotron harmonic (ESCH, ECH) or/and upper hybrid resonance (UHR) mode
waves and that Group B and C waves are whistler mode waves. The intensities of these waves had spin-phase dependence wt
was different depending on kinds of plasma waves. Considering that the observed waves could be short-wavelength electrosta
modes, the obtained spin-phase dependence should represent the spatial distribution of free-energy sources for plasma wi
instabilities. The actual distribution functions around the rocket wake, however, are not well known, and the relation with the
wake formation process is unclear.

Singh et al. (1987) carried out a one-dimensional Vlasov-Poisson simulation and showed that two- or multi-stream electron:
appear on the wake-axis up to 1.3 % of the near-wake region (ion void or the most diluted region nearest spacecraft). However, tt
electron distribution function in other part of the plasma wake could not be reported due to the effect from the boundaries [Singt
et al., 1987], lack of computational resources, and large numerical errors from particle-in-cell (PIC) like calculation scheme in
time development of the electron distribution function [Sakanaka et al., 1971; Singh, 1980].

In this study, we develop a one-dimensional Vlasov-Poisson code and carry out simulations on our own in order to investigate
the distribution functions near the wake edges and the region more downstream. We assume a simulation model similar to thi
adopted by Singh et al. (1987), in which plasma expands into a void region along the magnetic field line. In this simulation, the
time variation of plasma distribution was regarded as the spatial variation downstream. In order to suppress numerical error:
we adopted the time-splitting method [Cheng and Knorr, 1976] and the rational CIP method [Xiao et al., 1996] as used in Abe
(2006). We perform simulations for two cases of ion-electron mass ratimJw 2.9:10* assuming @ dominated plasmas in
the lower ionosphere and;fm.= 40. In the latter case, we achieve calculation up to 43 % of near-wake region, and find six types
of charge density disturbances including Langmuir waves propagating from the wake edge to the outside and inside of the wak
The obtained Langmuir waves are triggered by an oscillating electric field around the wake edge. The oscillating electric field
generates electron beams associated with the Langmuir waves. The electron beams form non-Maxwellian distribution function
around the wake edge. At the wake center, we obtain two- or multi-stream electrons, which are produced mainly by the negativ
wake potential. These simulation results indicate that non-Maxwellian electrons are created due to both the inward polarizatio
electric field formed close to the wake axis, and the oscillating electric field appearing more outside.

In this presentation, we will show the simulation results of the charge density disturbances and electron distribution functions
and will discuss their generation process showing the relationship with electric field.
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