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By placing a calcite plate behind the entrance slit of the spectrometer we obtain

polarization resolved spectra of impurity emission lines. We have obtained the intensity

and the polarization degree (the longitudinal alignment) of the berylliumlike oxygen triplet

lines. In a kinetic model, or the PACR model, the population and the alignment of the

upper levels of these transitions are calculated for electrons with an anisotropic velocity

distribution, and the result is compared with the experiment. We thus infer the distribution

function of electrons in the velocity space to be of a "cigar" shape in our example.

1. Introduction

Plasma Polarization Spectroscopy (PPS) is a novel diagnostic technique which can

give us structural information of a plasma, e.g., anisotropy of the distribution function of

electrons in the velocity space. This method has been applied to discharge plasmas and

solar plasmas for some years. [1] The first application of PPS to a tokamak plasma was

reported recently by our group, [2] in which polarization was detected in the heliumlike

carbon lines and the berylliumlike oxygen lines. A kinetic model which relates the

polarization characteristics to the electron velocity distribution function has been developed

and named the population-alignment collisional-radiative (PACR) model. [3]

In the following, we present our recent experiment and its interpretation by a PACR

model calculation.

2. Experiment

The WT-3 tokamak has the major radius of 0.65 m and the minor radius of 0.25 m.

The electron temperature in the joule heating mode is estimated from ECE to be 100 - 300

eV, and the density is given from the CN laser interferometry to be typically 3 x 1018 m"3.

We observe the plasma with a uv-visible monochromator of the focal length of 1 m.

Figure 1 shows the arrangement for separation of the two polarized components: a horizon-
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Fig. 1. Geometry of resolving polarization in spectometer.

tal slit in front of the vertical entrance slit of the monochromator tailors the image of the

plasma to a 0.5 mm width, and this image goes through the entrance slit. The optical axis

of the 5 mm thick calcite plate is at 30 degrees with respect the surface normal, and is

directed upward. The o-ray, the TC light in our geometry, is transmitted without deflection,

and the e-ray, the cr light, is displaced owing to the anomalous refraction by 0.6 mm,

parallel to the n light. These light rays are dispersed by the grating and focused on the

CCD detector. Thus, a pair of the spectra, one for the TC light and another for the a light,

are obtained on the detector surface. The detector is operated in the kinetic mode: the

spectra are recorded on the upper-most part of the detector, and the signal is accumulated,

say over 10 ms in our case. After the accumulation, the charge is transferred downward to

the adjacent area within a couple of microseconds. We repeat this procedure over the

discharge period of 100 ms. We thus obtain a time sequence of the polarization resolved
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Polarization resolved spectrum of

berylliumlike oxygen lines for JH

mode plasma.
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spectra stored on the full area of the CCD detector. We collect the signals and obtain the

results like Fig. 2. In this picture, the triplet lines of berylliumlike oxygen 3s3Si - 3p3Po,i,2

are seen. The intensity ratio is approximately proportional to the statistical weight of the

upper level, 1:3:5. See below for further details. It is obvious that the strongest line (7=1

<— J=2) is polarized.

The intensity that is proportional to the upper-level population is given in our case by

/ = In + 21 <r, where / « and /°- are the intensities of the TC light and the a light,

respectively. If the upper-levels of these three lines were populated according to the

statistical weights, the relative intensities of the stronger lines with respect to the weakest

line would be 3 and 5, as noted above. Figure 3 shows the result. Deviation is seen.
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Fig. 4

The longitudinal alignment of the

three lines. The weakest line, J - \

*— J = 0, is never polarized.

Figure 4 shows the result of the longitudinal alignment, AL = (In -I *)/(J n + 21 *). This

figure includes the results for the weakest J-\ *— J=0 transition, which is never polarized.
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Within the experimental uncertainty, our result is consistent with the absence of polarization.

Other lines can be polarized, and the strongest line, J—\ <— J=2, is substantially polarized.

3. PACR calculation and comparison with experiment

For the velocity distribution of electrons, we assume a distribution function which is

expressed by different temperatures in the troidal direction, 7i, and the poloidal direction, Tv.

In the following calculation we assume 100 eV for 71 in the case of a = Tv/Tt smaller

than 1 and for Tv for a larger than 1. The angular distribution function in the velocity

space is expanded in terms of Legendre polynomials, and the expansion coefficients of even

moments are given as functions of speed of electrons.

To each excited level two quantities are assigned, that is, the population and the

alignment. For transitions between 2s23Si, 2s2pTJo,i,2 and 2s3p3Po,i,2, Csanak and Grabbe[4]

calculated the excitation cross sections between each of their magnetic sublevels. We

combine these cross sections by the Clebsh-Gordan coefficients to obtain cross sections

between these levels for transition of population-to-population, population-to-alignment,

alignment-to-population and alignment-to-alignment. It is noted that the first cross section

is nothing but the conventional excitation cross section or the deexcitation cross section.

For transitions between other levels we adopt the recommended cross section by Kato et al.

[5] as the cross section for population-to-population.

By combining the expansion coefficients and the relevant cross sections, we obtain

transition rate coefficients to be used in the PACR model. We thus construct two sets of

rate equations; one for the populations in the ground state and the excited levels and another

for the alignments in the excited levels. We solve these equations by the method of quasi-
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ing to Fig. 3. a
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The longitudinal alignment corres-

ponding to Fig. 4.

steady-state solution in the framework of the ionizing plasma. Figure 5 and 6 show an

example of the results to be compared with experiment; Figure 5 is for the intensity ratio

or the population ratio corresponding to Fig. 3, and Fig. 6 is for the longitudinal alignment

corresponding to Fig. 4.

If all of our assumptions above were correct, we should be able to obtain good

agreement for a set of four quantities, i.e., the two intensity ratios and the two alignments,

by adjusting a. For the majority of the data, however, we can fit only one or two

quantities, the longitudinal alignment. We may thus only suggest that our distribution

function is rather close to a cigar shape with a= 0.3. At present, there remain substantial

inconsistencies between the experiment and the calculation. One of the origins of the

inconsistencies would be our too simple assumption of the "shape" of the velocity

distribution function.
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