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Stability of a hot electron plasma in a NBT(EBT)-like geometry l2

has been studied by using a 2-1/2 dimensional relativistic,

electromagnetic particle code.

Our simulation model is shown in Fig.l. In the simulation, spatial

variation is allowed only in the x- and y- directions, with the

z-direction being an ignorable coordinate, although the particles have

three velocity components ( Ur.t^.Uz). The system is periodic in the

y-direction and is bounded in the x-direction with total grid size

LrxLu=128dx
 1.28d .where d is the grid spacing. The external magnetic field

So is formed by an external current Jo which is rigid and not influenced

by the plasma. The external magnetic field So points in the z-direction,

and its strength decreases with x as l/(x-Lx/2+R), where the constant R is

a measure of the magnetic field gradient. The initial plasma density also

decreases with x. All quantities are constant in the y-direction in the

equilibrium state. Because both the external magnetic field and the plasma

density (pressure) decreases with x, the plasma can be intechange unstable

if there is no hot electron layer, which was confirmed by using our

simulation model in Ref(3).

Accoding to a theory4, the plasma is unstable to a hot electron

interchange mode if the beta value of the hot electrons is too high

-112-



compared to the beta value of the core plasma. This instability is driven

by a hot electron pressure, and its frequency is much lower than the ion

cyclotron frequency(the low-frequency hot electron interchange

instability), provided the magnetic drift frequency of the hot electrons

is lower than the ion cyclotron frequency. However.when the magnetic drift

frequency is higher than the ion cyclotron frequency, the instability with

the frequency higher than the ion cyclotron frequency is thoretically

predicted to grow (the high-frequency hot electron interchange

instability). In our simulations, these two instabilities have been

studied.

For the low-frequency hot electron intechange mode, comparison of the

simulation results5 with the analytical predictions of linear stability

theory show fairly good agreement with the magnitude of the growth rates

calculated without hot electron finite Larmor radius effects. Strong

stabilizing effects by finite Larmor radius of the hot electrons are

observed for short wavelength modes. A typical time evolution of the

instability is shown in Fig.2.

As for the high-frequency hot elsctron interchange mode, there is a

discrepancy between our simulation results and the theory. We chose a

parameter regime in which the high-frequency hot electron interchange mode

is theoretically predicted to grow, however the high-frequency instability

>i*.«i never been observed. Strong cross-field diffusion in a poloidal

direction of the hot electrons might explain the stability . Each particle

has a magnetic drift velocity, and the speed of the magnetic drift is

proportional to the kinetic energy of each particle. Hence, if the

particles have high temperature, the spread of the magnetic drift velocity

is large. This causes a strong cross-field diffusion of the hot electrons.

In the simulation of the second case (simulation for the
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high-frequency hot electron interchange mode), we have observed an

enhanced temperature relaxation between the hot and the cold electrons,

when the temperature ratio Th/Te is large, although the theoretically

predicted high frequency modes are stable. A machanism of this rapid

energy relaxation is not known yet, and is under investigation.
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Fig. 1 Sketch of a 2-1/2 dimensional bounded plasma model
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Fig. 2a Time evolution of the low-frequency hot electron

interchange instability

-116-



f
Y

t
Y

(c)
128

80

40h

ot
128

' ••->.::ci;-<.-;j/.\.••*••:

(d) OJDet = 4 0 0j p e

80

40

o 40 80 128 0 128

Fig. 2b Time evolution of the low-frequency hot electron
interchange instability
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