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Experiment with Ambipolar Plug on GDT device
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The Synthesised Hot Ion Plasmoid (SHIP) experiment was continued at Gas Dynamic Trap device (GDT) [1]. The experiment was performed in a compact mirror section that was installed at one side of the GDT. The magnetic field on axis was in the range of 2.7 Tesla and the mirror ratio was about 2. The section was filled with warm plasma streaming in from the central cell. This plasma component with density of about 1013 cm-3 was maxwellised and had an electron temperature about 100 eV. Fast ions were producing by neutral beams injection. Two beams of deuterium atoms with the energy of 21-22 keV and total power up to 0.8 MW were injected perpendicularly. The pulse duration was 4 ms. It allowed to reach steady-state regime of plasma confinement. Previous investigations demonstrated that fast ions confinement determined by coulomb collisions and charge-exchange process with atoms of injected beams.

This report is focused on ambipolar effect provided by fast ions density increasing in the compact mirror. Stream of warm plasma flowing from the central part of GDT through the compact mirror was 5 times decreased. This effect was observed in case of low ambipolar potential. According to density measurements ambipolar potential did not exceed plasma temperature. Warm plasma stream was found to be approximately constant when ions density was increased form 3·1013 cm-3 up to maximal 4.5·1013 cm-3. This effect can be explained by presence of “background” current. Fast ions of the GDT central cell were slowing down to 0.5-1 keV and its angular divergency was strongly increased. The “background” current produced by this process and did not defined by warm plasma and compact mirror.

Estimations of warm plasma losses in collisional approach does not show high plugging. Also empty loss cone approach (applied by Pastukhov) could not be used in the case of low ambipolar potential. Experimental results were in accordance with transient regime from the collisional approach to empty loss cone. Warm ion free path against ion-ion interactions is increasing vs energy and reaching GDT device length on energy about 2-3 plasma temperatures. In the case of negative ambipolar potentials plasma losses were defined by cold part of plasma. Longitudinal losses were close to collisional approach. Ambipolar potential was increase up to plasma temperature and the loss cone was shifted to  rare collisions region. Longitudinal losses came close to Pastukhov estimation in this case.
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