
Effect of ion population on a toroidal electron plasma

Swapnali Khamaru1,2, Meghraj Sengupta3, Rajaraman Ganesh1,2

1 Institute for Plasma Research, Bhat, Gandhinagar 382428, India
2 Homi Bhabha National Institute (HBNI), Mumbai, Maharashtra 400094, India

3 Department of Physics and Engineering Physics, University of Saskatchewan, Saskatoon,

S7N5E2 Canada

Abstract

Pure electron plasma in a tight aspect ratio, axisymmetric toroidal device, confined using

a toroidal magnetic field, has been numerically simulated using a 3D3V particle-in-cell code

PEC3PIC[1]. In these numerical experiments, the cloud is seen to exhibit a nonlinear toroidal

m = 1 Diocotron mode with various interesting features: Elliptical orbital path in the poloidal

cross section, peaked density of the filled electron cloud, cross-field transport, close similarity

of the wall probe signals to experimental signals and better confinement of electrons in the

toroidal configuration can be achieved by loading the initial plasma at the vertical midplane,

close to the inner wall of the chamber.

In yet another recent study[2], possible existence of absolute equilibrium state of toroidal

electron cloud has been analyzed. First a maximum entropy mean field solution for pure electron

plasma at zero-inertia limit (ρ
L
/L → 0, where ρ

L
is average electron Larmor radius, L - typical

mean spatial gradient length scale) is constructed, which is then used as “seed" solution to

the PEC3PIC solver. The electron cloud is shown to attain quasisteady equilibrium condition

satisfying full equations of motion, with superior confinement properties including negligible

presence of m = 1 Diocotron motion.

In the present study[3], we have observe the effect of ions on the previously stated quasisteady

equilibrium. As the ion fraction that is introduced at a particular time is increased, the cloud is

found to destabilize to attain a finite amplitude m = 1 toroidal Diocotron mode beyond certain

ion fraction. Details on this study will be presented also.
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