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LONGITUDINAL CURRENT AND FLUCTUATIONS
IN THE INITIAL PLASMA OF THE AMBAL-M DEVICE
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Budker Institute of Nuclear Physics
Lavrentyev avenue 11, Novosibirsk 630090, Russia

The problem of current and magnetic field generation by plasma has a long history. But
despite of this fact there are very little direct experiments in this field. This article deals with
phenomena of generation of longitudinal current in axisymmetric open trap AMBAL-M. The
connection between magnitude of the current and level of turbulence fluctuation of the plasma
has been revealed. The phenomenological self-consistently model of radial profile of current
has been offered.

1. Arrangement of experiment

The experiment was carried out on the axial-symmetric open magnetic trap AMBAL-M [1].
The plasma was generated by arc plasma gun located in the magnetic field. The current of
electrons frozen in the plasma jet creates the unhomogeneity radial electric field. It is produce
the differential rotation of the plasma column in cros&ex B fields that lead to excitation

of Kelvin-Helmholtz instability. Its instability caused an increase of the transverse plasma
conductivity and thus tended to flatten the radial profile of the velocity of the rotating plasma
column. In this case some part of the kinetic energy of the rotating plasma was converted into
thermal energy of the plasma flows [2]. Moreover, there appears a longitudinal current along
device. First it was explained by closing some current loop from source via vacuum chamber.
But observation of the regime then its current larger total current in the source induced new
idea explaining current generation.

The local measurements of current were made by pickup magnetic probe. Results of
experiment for different location along axially direction is shown on Fig. 1. One can see that
profile dynamics of current density along axial direction is characteristic for diffusion proc-
ess. The radial profile of some plasma parameters for z =-116 cm are given in Figs. 2 — 3
(z =0 cm - trap center, z = -345cm - output of plasma source, z = +280 cm - plasma receiver,
z = -116 cm input plug, z = +116cm - output plug ). There are similarity between pairs of ra-
dial profiles: density - current and fluctuation dispersion - electron temperature. Some Ro-
gowski coil controlled total current in plasma column. It was 1.6 kA near output of plasma
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source and 1.0 kA near plasma receiver. The experiments displayed that value of total current
is in direct proportion to magnitude of magnetic field (Fig. 4). Spectral analyze of signals
from magnetic probe and Langmuir probe is shown on Fig. 5. The low-frequency peaks for
both signals are similar and be caused by Kelvin-Helmholtz instability.
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Fig. 1. The radial profile of current density for different longitudinal position.

Complicated character of turbulent processes in magnetized plasma forced us to con-
sider a phenomenological model. Suppose that current induces by electromotiv€ force
connected with instability. Naturally and simply measurable parameter of turbulence level is
dispersion of electrostatic fluctuatidhr =< ¢ (1)*> >. Assuming that electromotive force
&, and diffusion coefficienD; is in direct proportion td5; . Assuming also that coefficient
conductivity is following functiong, =¢, &, / (o, +0,) . Wherea is Spitzer coefficient
of conductivityo - coefficient conductivity connected with turbulence. Latter can be esti-
mate aso, =c”/ D,. Thus one obtains a simple phenomenological model for the radial de-

pendence of current density with some parameter set. Constraining these parameters by ex-
perimental facts or plausible hypothesis one can give possibility to compare model with ex-
periment. Result of this program for our case present in Fig. 6. From this figure we notice that

enhancement electron temperature causes flatten radial profile of current density. In the case

o 0Dy / ¢ >> 1 (in our experiment®™M® = 3 °cn? / secand this condition realizes

at T, = 10eV ) the plasma conductivity is determined by only turbulence level and doesn't
dependent from electron temperature. Then density of current generating by turbulence mo-

tion is constant and doesn’t depend frém In such a way the controlling factor for current
density profile is thermal conductivity condition that determifigsThis condition induces
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radial profile similarity of plasma density and current density. The similarity of radial profiles

of electron temperature and fluctuation dispersion can be explained by heat increase in do-
main of high turbulence level &t= 5cm. It is induced by decreasing of plasma conductivity

at constant value of current density.

2. Discussion

Let us discuss the physics mechanism providing ability to generate a current in plasma.

It is known [3] that the helix turbulence motion of conductivity medium can generate
electrical field along magnetic field direction. The parameter characterizing this process is
helicity - <ulfotu> and electrical field is defined by equatia§; = a [B - S[fot B. Aver-
age rotation inherent to processes with non-zero helicity. The turbulence motion without ini-
tial helicity can acquire it if one takes part in rotation. Plasma source used in this experiment
characterizes by high magnitude of radial electric field that together with perpendicular mag-
netic field provides average rotation and instability exciting simultaneously. The simple esti-
mation shown:

a = —%DJ‘(C;°< U(r,t) ot U(r,t = 1) > dr = 1o, O /Ag = Dy /Ag=
~ 60m/ sec; Er =a OB=45// m;, J., = o7 U5 =120A/ cm (1)
where D, - plasma diffusion coefficient) ; - characteristic length of changing of magnetic

field.

Second way for current generating or amplifying may be connected with ambipolar
plasma diffusion in a transverse magnetic field (by an analogy with bootstrap-current in to-

kamak). Estimation of the order of magnitude gives

— - UODDT Dl:ln
J=oyglUE=o0 ux H]/ c= ——— H', 2
0 ot ] e e On (2)

whereH' - initial azimuthal magnetic field. The numerical estimation of its value for our case

isJ = 200A that is insufficient for our case.
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Fig. 2. Radial profile longitudinal current Fig. 4. Dependence of value of total longitudi-
density and plasma density nal current from magnitude of magnetic field in
in input plug (z=-116cm) AMBAL-M device.
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Fig. 6. Radial profiles of longitudinal current com-
puting from phenomenological model.
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