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ABSTRACT

Experimental studies of turbulent plasma have been carried out in a small toroidal device
with aspect ratio ~ 3, and d.c. toroidal magnetic field less than 100 Gauss, Typical
plasma currents of 3kA obtained in CECI leads to a low-q regimes of operation with
interesting basic magnetized plasma properties.

INTRODUCTION

CECl is a small pulsed plasma device with major axis R = 12 ¢m and minor axis a =
4.2 cm, that is used for the research of magnetic confinement of toroidal plasmas. It can
be operated in Tokamak, Ultra Low-q and RFP modes.!!)

A typical plasma obtained at CECI has the following parameters: I, ~2 -3kA, T, ~
20eV,Ti ~ 5eV,ne ~ 10'* — 10'3cm ™3, using working gases of H, He, N, Ar at aprox-
imately 1074 Torr. This range of plasma parameters is of large interest because they
represent typical edge plasma of fusion devices presently in operation. It motivated us
to start the development of an NLB (Neutral Lithium Beam) probe which is being built
in our laboratory for the measurements of the plasma density and its fluctuations in
CECI device. This diagnostic technique has been used in various fusion research de-
vices for edge parameter determinationsi*® and the plasma produced in our device is a
convenient target element that simulates edge plasma of large confinement devices.
From the stand point of basic plasma physics, interesting phenomena related to con-
finement properties in such low magnetic field systems have been observed. In CECI,
for helium discharges with T, ~ 5¢V and toroidal field B, ~ 100G, the He* ion Lar-
mor radius is about 4.0 cm while for the electron it is | mm. The ions reach the wall
much faster than the electrons and consequently a negative potential develops. In argon
discharges with similar conditions of the magnetic fields By, B, and the plasma temper-
ature, the ion Larmor radius for Art becomes 20 cm, much larger than the dimension
of the chamber. This means that the ions are not confined magnetically, but electro-
statically. In fact, by using a floating directional probel, it was possible to show the
presence of an ion counterflow to the plasma current which could be due to the E x B
drift resulting from this electrostatic field.
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CECI DEVICE AND DIAGNOSTICS

A group of magnetic coils consisting of toroidal vertical, compensation, and preionization
(poloidal) coils are used to generate and confine the plasma. The copper shell conserves
the flux.

The schematic drawing of CECI device is shown in Fig. 1.
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Figure 1: Schematic drawing of CECI apparatus.

The presently functional plasma diagnostics are:

* Rogowski coil connected to a calibrated active integrator with a sensitivity factor
of about 48A/mV, used to measure the plasma current.

¢ Magnetic probes connected to calibrated active integrators with sensitivity factor
of 0.73 Gauss/mV and 0.39 Gauss/mV for measurements of poloidal and toroidal
magnetic fields produced by the plasma respectively.

¢ Visible monochromator (Jobin Yvon HR 640S) with an optical fiber connected to
a window at the copper shell gap that allows a spatially resolved inspection of the
emission from plasma.

o Directional probe installed in the equatorial plane, near the copper shell gap,
consisting of two electrodes been separated by a ceramic insulator and a third
electrode without directionality which allows the measurement of plasma potential,
ion current saturation and mainly the ion current direction.
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RESULTS AND DISCUSSIONS

Careful analysis of the results obtained in helium discharges at CECI apparatus with re-
spect to plasma characteristics of density, temperature and magnetic fields, show clearly
the importance of electrostatic confinement in this device. Since ion thermal velocity is
about 3.5 x 10°cm/s and the dimension of the chamber is about 4cm (Larmos radius
~ 9.0cm), the helium ions take about 20us to reach the wall. The toroidal magnetic
field of By ~ 50G can not confine them for more than 10us. In spite of that, a plasma
lifetime of about 50us was obtained as shown in Fig. 2. Even longer plasma pulses
(~ 180us) have been obtained previously with lower I,

The measurement of the current density of He* ion counterflow of about 0.7 A/cm?
using a directional probel*) indicates the presence of an electric field of about 10 V/em
and it confirms the electrostatic confinement.

In argon discharges, under similar conditions, with much more massive Art+ ions, a
plasma current of 4.5 kA was achicved as shown in Fig. 3.

This result suggests the possibility of a better confinement in argon discharges with a
higher electric field since the Larmor radius for Ar* ions is more than 40 cm against 4
cm of minor radius of the chamber. This mass effect positively influenced the discharge

in CECI.
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Fig. 2. Maximum plasma current for Fig. 3. Loop voltage (above), 30 V/div
helium discharges 1 kA/div, 20u s/div  and maximum plasma current for argon
and relation to noise level. discharge 1 kA /div, 20u s/div (below).

We can conclude that the plasma confinement is improved by a negative plasma potential
in this case.

Furthermore, fluctuation levels for argon plasmas are considerably lower than for helium
plasmas in CECI. In a discharge using helium, the fluctuation of the light emission of He
IT (A =4686A) as the one shown in Fig. 4(a) in which we pulsed CECI for three times
under same operation conditions. is very high in comparison with Ar II (A =43514)
emission shown in Fig. 4(b). This is expected since the magnetic Reynolds number is
proportional to (m,-'m) being m; the ion mass that constitutes the plasma. Higher the
magnetic Reynolds number, more turbulent will be the plasma. Once more the mass
effect is in favour of Ar discharges over other lower mass gas discharges.
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Fig. 4(a) Fluctuation level in a helium  Fig. 4(b) Fluctuation level in an argon
discharge(below) 10 mV/div and plasma discharge(below),100 mV/div and plasma
current (above), 1 kA /div, 20u s/div. current (above), 1 kA /div, 20u s/div.

The experimental results show that in helium as well as in argon plasmas, a negative
potential develops soon in the beginning of the discharge. The unbalance of charge
in the plasma edge brings up an electric field; and an ion counterflow (measured with
directional probel!]) to the plasma current which is due to £ x B drift results. Discharges
with higher mass gases are more stable and long lived in CECI due to MHD conditions
and electrostatic confinement properties.

Analysis of discharges using other gases (H,, N,) will be carried out looking for further
differences of the atomic mass effects on the plasmas produced in the CECI device.
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