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Electron-positron plasma creation and experiments on magnetospheric phenom-
ena in dipole field
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In this study we report the recent status and plan of laboratory experiments by using a dipole magnetic field configuration,
which is globally equivalent to the geometry of a planetary magnetosphere. The Ring Trap Group of the University of Tokyo
aims to (1) create antimatter plasmas using the excellent confinement properties of a dipole magnetic field, and to (2) under-
stand the wave particle interactions as common phenomena in both magnetospheres and fusion-oriented plasma experiments,
in an “artificial magnetosphere” created by a levitated superconducting magnet.

(1) It is predicted that electron-positron plasmas exist around high-energy astrophysical objects. Because of the mass sym-
metry, electron-positron plasmas exhibit unique stability and wave properties as one of “pair plasmas”, plasmas consist of
particles with equal mass. Experimentally, very few studies have been conducted on this topic so far. Based on recent drastic
advances in beam technologies that have realized intense low-energy positron beams, several attempts are made to experi-
mentally realize magnetically-confined electron-positron plasmas in a laboratory. Because the dipole magnetic field can trap
charged particles independent of their charge signs according to the conservation of adiabatic invariants, this configuration is
suitable for the confinement of electron-positron plasmas. In RT-1, a superconducting levitated dipole experiment, we have
realized confinement of pure electron non-neutral plasma for more than 300 seconds. In a prototype dipole field trap with a
permanent magnet operated at NEPOMUC slow positron facility, efficient injection and relatively long trapping of positron
beams have been demonstrated. Based on these initial investigations, we plan to create electron-positron plasmas in a com-
pact levitated dipole trap suitable for realizing high-density states of charged particles, to be operated with a pulsed positron
source of AIST.

(2) Particle acceleration and transport phenomena due to the wave particle interactions are important research subjects that
are common to plasmas in nature and laboratories. At RT-1 we investigate the principles of advanced fusion concept by taking
a hint from high-beta plasmas observed around Jupiter. Several similarities are found between the transport properties and
self-organization processes of structures caused by the wave particle interactions observed in RT-1 and in natural magneto-
spheres. In the hot-electron high-beta plasma of RT-1 generated by the electron cyclotron resonance heating, we observed
spontaneous excitation of electromagnetic fluctuations in the Whistler wave frequency range, in addition to low-frequency
fluctuations that drive the so-called inward diffusion. The fluctuation mode often shows frequency sweeping, which is similar
to the planetary chorus mode emission. In the dipole magnetic field configuration of RT-1, electrons are efficiently accelerated
by the circularly polarized electromagnetic fields and can take chaotic orbits, which may affect the transport properties of
plasmas.
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