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Polarization of radiation emitted from plasma reflects the anisotropic properties of the plasma, especially

the angular anisotropic distribution of electron velocities. Polarization has been observed on impurity ion

lines from the WT-3 tokamak and GAMMA 10 tandem mirror device.

1. Introduction

In the case that an electron travelling from z-direction on the z-axis collide with a classical

atom located at the origin and the energy of the electron is just enough to excite the atom, the electron

gives all of its momentum and energy to the atom. The atomic electron begins to oscillate back and

forth on the z-axis. This atom is a classical oscillating electric dipole, emitting radiation, which is

polarized in the z-direction, the rc-light. When the energy of the incident electron is very high, and it

passes near the atom, the atom is exerted a pulsed electric field, the direction of which is, roughly

speaking in the x-y plane. The atom is excited in this direction, and emits the a-light. The situation

with actual quantum atoms is more complicated but the fact that angular anisotropic excitation produces

polarized radiation is still valid.

When the velocity distribution of electrons in plasma is anisotropic, e.g., Maxwellian

distribution is accompanied by a beam component, the emitted radiation should be polarized. This

reasoning suggests that, from the observed polarization characteristics of emitted radiation, we should be

able to investigate the anisotropic velocity distribution of electrons. The first observation of polarization

from a tokamak plasma was reported [1].

2. WT-3 tokamak

An image reducing (1/8) optics focussed the image of the plasma on the entrance slit (10 mm

in height) of the monochromator. Behind the slit, a calcite plate is placed, which displaced horizontally

the extraordinary ray (the rc-light which is polarized in the toroidal direction) from the ordinary ray (the

s-light polarized in the poloidal direction) by about 0.5 mm. These rays were dispersed and focussed on

the CCD detector. We thus obtained a polarization resolved and space resolved spectrum. Beryllium-like

oxygen triplet lines (OV 2s3s 3S1 - 2s3p 3P0,l,2) and helium-like carbon line (CV 2s 3S1 - 2p 3P0,l,2)

were observed, hi the former case, the weakest line, J=1-J=O, which is never polarized, was used for the
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purpose of calibrating the relative sensitivities of our detection system for the two linearly polarized

components. It was found that, for the Joule heating mode, the 1-1 and 1-2 lines had stronger s-

components than the p- components. Figure 1 shows the longitudinal alignment A, = ( In -7a)/(/Jt +

27a ) at a certain time ( the signal accumulation was over 0.1 ms) against the distance from the central

chord.
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Figure 1

We have constructed the atomic kinetic mode for the purpose interpreting our experimental

data, the population-alignment collisional-radiative model. In this model, to each ionic level two

quantities are assigned, i.e., the population and alignment The former quantity gives the intensity of the

emitted line and the latter gives the polarization of the line. A set of rate equations is constructed for the

populations and another for the alignments, and they are solved in the quasi-steady-state approximation.

We tentatively assume that the electron velocity distribution is expressed by different temperatures for the

toroidal direction and poloidal direction. The negative longitudinal alignments in Fig. 1 suggest that the

poloidal temperature is higher than the toroidal one: the pancake-shaped distribution, but we are still

unable to interpret quantitively the result yet

2. GAMMA 10 tandem mirror

The image of the plasma in the central part of the mirror machine was focused on the vertical

slit, and the image of the slit was polarization resolved by a calcite plate located just behind it and

focussed by a lens on the entrance surface of the optical fibers aligned in two columns. Each of the five

pairs of the optical fibers accepted the p - and s- components of the radiation emitted from the same line

of sight through the plasma. The other ends of the fibers are aligned in a line to fit the entrance slit of the
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monochromator. We thus obtained the polarization resolved spectrum for five locations of the plasma,

each 7.5 mm apart. Figure 2 shows an example of the spectra for one location. The broad line in the
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shorter wavelength side are the beryllium-like oxygen lines, which are the same as those presented in

Fig.l. The sharp lines in the longer wavelength region are those of singly ionized iron ion. The upper

traces shows no polarization with the former lines in this time interval, but one of the iron lines shows

substantial polarization.. These lines are emitted from the different parts of the plasma; the oxygen lines

from the central part and the iron line from the peripheral part It is suggested that, while the central part

has an isotropic velocity distribution of electrons, the outer part has an anisotropic distribution, "shape" of

which changes with time.
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