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Development of Experimental Devices for the Research of Self Trapping
and Nonlinear Behavior of Plasma Waves
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We are preparing experiments by using the CALM2 machine. For the first step, we measured the
plasma by Langmuir probe. The specification of CALM?2 is described, and parameters of the first

plasma are reported here.

1. Introduction

The electron plasma waves are excited in the
beam-plasma system and make wave packets. The
wave packet undergoes glowing, saturation, and
damping in the time scale of electron response. It is
known that the growing phase is governed by a linear
equation [1]. But understanding of the saturation and
damping phases need more researches and discussions.
Measurement of the non-linear phenomena is our
major concern. In general, part of the electrons of the
beam is trapped in wave potential, and non-linear
phenomena occur. To observe the process,
experimental research was carried out, and the
trapping of beam electron and saturation were
observed dynamically in CALM2 (Coaxial Linear
Machine-II) in Shizuoka university [2,3].

The CALM2 is replaced to Kanazawa university,
recently. We are preparing experiments by using the
machine. For the first step, we measured the plasma of
CALM2 by using Langmuir probe. We introduce the
CALM2 and the plasma parameters are reported here.

2. Experimental Device

The configuration of CALM2 is shown in Fig. 1
and Fig. 2. It is the multi-pole magnetic device, and it
can produce quiet plasma [4]. The vacuum chamber is
0.26m in diameter, 1.2m in the axial length. Magnetic
coils are placed outside of the chamber, and can produce
axial magnetic field. The background pressure is 107 ~
10°® [Torr]. Tungsten filaments are set inside the chamber,
and those are heated and biased by the DC voltage, and
emit thermionic electrons. The first electrons ionize the
neutral gas, and produce plasma.
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Fig. 1 Coaxial Linear Machine-1l, CALM2

On the outside wall of the chamber, permanent magnet
bars, Sm-Co, are attached, 12 for side wall, and 10 for
each end walls. The magnetic field is about 0.1 [T] at the
surface of the magnet bar. The magnetic polarity is
reversed one by one to form the full-line-cusp magnetic
field, see figure 2. The magnetic fields are canceled out
at the center area. It is less than 0.1 [mT] inside the circle
with 100 mm diameter, and it is as small as the
geomagnetic field.
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Fig. 2 Cross section of vacuum chamber
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The cusp field confines the first electron emitted from the
filaments, and increases efficiency of ionization [4]. It can
make possible to produce plasma even at low pressure,
1.0x10” [Torr], and quiet plasma is produced around the
center of the chamber.

3. Measurement of plasma
Single probe is used for measuring of plasma.
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Fig. 3 Photograph of the probe

The probe consist of molybdenum wire with 0.4 mm
diameter and the length of 4 mm, it is shown in Fig. 3.
Molybdenum is used to prevent second electron emission
from the probe surface [5,6]. The probe is inserted to
plasma from a sidewall port. Plasma density, Ne, and
electron temperature, Te, are estimated from the
current-voltage characteristics. Argon gas was introduced,
and the thermionic filaments are biased at —60 [V]. The
probe is positioned at center of the chamber. The results,
which are obtained for each neutral pressure, are shown
in Table I. Here, the P is Ar gas pressure, and Vs is
plasma potential.

Table . Characteristic of plasma of CALM2

P (Torr) 2.0x10™* 3.4x107
Te (eV) 2.2 2.9
Ne (m™) 4.3x107 1.9x10™
Vs (V) 9.3 9.6

4. Summary

An experimental device, CALM2, was set up.
The multi-pole magnetic device is operated, and
plasma is produced. The first plasma is measured
using a single probe, and the electron temperature,
density, and plasma potential are obtained. An electron
gun that produces electron beam will be prepared, near
future. Research of electron plasma waves will be
carried out by injecting the electron beam to the
plasma. Trapping and non-linear behavior will be
investigated in the observation of wave packets.
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