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Laboratory in-situ experiments for plasma wave-particle interaction
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Wave-particle interactions are thought to play important roles to generate MeV electrons in the radiation belt. "Wave-Particle
Interaction Analyzer (WPIA)’, which derives energy flux between wave and particle from simultaneous measurements of an
electric field and particle velocity vector, has been developed to observe the interaction between wave and particle in spac
plasma. We have been conducting two laboratory in-situ experiments for plasma wave-patrticle interaction as follows:

Topic #1 Application of a technique of Wave-Particle Interaction Analyzer to high-density laboratory plasma with drift waves,
and Topic #2 Laboratory in-situ experiments for plasma wave-patrticle interaction in space plasma chamber.

In Topic #1, we have carried out the laboratory simulation using thdJpgrade Machine in Tohoku University, which is a
linear magnetized plasma machine. The-Qpgrade Machine consists of a vacuum chamber of 0.2 m in diameter and 4.5 m
in length, and plasma sources, which generate high-temperature electrons using electron cyclotron resonance (ECR) and lo
temperature thermal electrons. Thus, an electron temperature gradient (ETG) is formed in the apparatus by superposing Ic
temperature thermal electrons on the high temperature electrons of the ECR plasih@ @#/cc). Moon et al. [Rev. Sci.
Instrum., 2010] reported that low-frequency drift-waves with a frequency of 7 kHz were excited with ETG mode of "0.5 MHz.
We focus on the low-frequency waves and simultaneously measures an electric field E¢etod Current vectorJ). Energy
fluxes between wave and particle can be calculated from inner produgtaradJ vectors. For the simultaneous measurements,
we have developed a combination probe, which is a combination of a Mach probe for ion flow measurements and a Twin prob
for electric field measurements. Radial, tangential and axial componeBtaradJ vectors are measured by rotating and tilting
the probe in cylindrical plasma.

We will report an estimated structure of drift waves derived from multi-point and directional measureméraisaf vectors
as well as transient response of wave growth in detail.

In Topic #2, we have been conducting laboratory simulation using a large space plasma chamber in ISAS/JAXA. By using &
multi-cusp plasma source, which confines plasma to a multi-pole cusp magnetic field, the high density Argon plakind (f
#/cc) is generated. The electron beam generated by applying a certain voltage difference between the two plasma sources exci
electrostatic plasma waves. Also, a wave receiver and an electrostatic plasma analyzer installed in the chamber make it possit
to simultaneously measure plasma waveforms and particle velocities, which are used to calculate the energy flux between wa
and particle.
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