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1.) Instrumentation

At the tokamak TEXTOR 94 a Bragg-polarimeter has been installed. It consists of two x-ray

crystal spectrometers in Johann-geometry which are orientated perpendicular to each other.

One system is in the horizontal plane of the tokamak with a bending radius of Rc=3780 mm,

the other system is orientated vertically with respect to the toroidal axis of the tokamak and

has a bending radius of Rc=4620mm. The technical realisation is shown in figure 1. Both

spectrometers are high resolution instruments. The resolution of the horizontal system is

À/A?i=7200 and that of the vertical system X/AX=8900. At present two quartz (HO)-crystals

with 2d=4.9130 Å are used. The detectors are one-dimensional multiwire-proportional-

counters with Kr/CO2 as the detector gas. The whole system is a vacuum system.

Figurel: Experimental setup of the Bragg-polarimeter at TEXTOR 94, horizontal plane

(left) and vertical plane (right).
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The impurity studied here is argon. The spectral range presently covered is between the

resonance line W (k = 3.9494 A) and the forbidden line Z (X = 3.9944 A) of [He]-like argon.

A typical spectrum is shown in figure 2. Other typical spectroscopic features are the well

resolved n=2-dielectronic satellites (r,a,k), the innershell excited satellite q, both

intercombination lines (x,y), and not-resolved higher order n=3,n=4,...-dielectronic satellites.
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Figure 2 (left): Spectrum of [He]-like argon. The integrated time is At = 100ms.

Figure 3 (right): The geometry of a Johann type x-ray spectrometer at a tokamak.

2.) Emissivitv profiles

A x-ray spectrometer in typical Johann-geometry setup at a large plasma like that of a

tokamak is shown in figure 3. For every wavelength Bragg angle S (determined by Bragg's

law: 2dsin&=nA,) and bent crystal define a solid angle, within the specific radiation is

collected from the plasma and focused at one position on the Rowland-circle. Thus with a

position sensitive detector like the multiwire-proportionalcounter, the respective spectrum can

be detected.

It is evident from figure 3 that for each wavelength the plasma volume, from which the

radiation is collected, is somewhat different. In the horizontal system the difference between

the line of sight of the W-line and thatof the Z-line is 47 mm, and in the vertical system it is
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55 mm. Thus it is crucial that the plasma is homogeneous, if line ratios are considered. They

usually are used to derive the electron temperature. Here we used line ratios to determine line

polarisation.
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Figure 4: Parameter of an ohmic discharge with three current steps.

Figure 5 : Spectra from this discharge with a time integration of 100 ms. The line ratios are

shown in an early phase of the discharge (high current, high temperature) and in a later

phase (lower current and lower temperature). In the second case (lower picture) the line

ratios show unexpected values.

In the horizontal system the homogeneity requirement poses no problem, because of the

toroidal symmetry of the tokamak; however in the vertical system this indeed can be a

problem. For an ohmic discharge the parameters are presented in figure 4 with three different

phases during the discharge. Spectra from this discharge are shown in figure 5 for the vertical

system. It is evident that in the beginning the line ratios are as expected but at the end of the

discharge they change dramatically. This effect can be explained when the emissivity profiles

of [He]-like argon are considered for these conditions. The emissivity is I =

ne(r)-n[He](r)'<av>(r) and thus it is determined by the temperature and density profiles of
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TEXTOR 94 under the conditions of the discharge. The emissivity profiles were calculated

and are shown in figure 6 for W and Z.

Especially in the last case the emissivity profile is very small (FWHM = 49 mm), and if the

plasma moves a few cm in the vertical direction, radiation of the W- and Z-line is collected

from different plasma regions resulting in a wrong intensity ratio. For the investigations of

line polarisation it is crucial, therefore, that the described effect does not occur.

3.) Measurement of polarisation

For the investigation of line polarisation we used the discharge of figure 7 which is

characterized by three current steps. To change the current, the loop voltage has to be changed

and so electrons and ions are accelerated in toroidal direction. During the time of change the

toroidal electric field produces an electron beam which excites different lines differently

resulting in polarised emission.

Measurements are done with two crystals which are orientated perpendicular to each other.

The reflectivity of the crystal is given by:

1- S m 2 ( 2 e ' ) ( l -P(a ) cos(2 ( | ) (a ) '

The geometry is shown in figure 8. I(a) and I'(a) are the line intensities for the incoming and

outcoming radiation fluxes; C(A,a) is a factor of the crystal. The reflectivity thus depends on

the polarisation P(a) of the line. The best way to detect polarisation is to use the double ratio,

i.e. the ratio of the ratio of lines from the vertical and the horizontal system. For linearly

polarised lines the Stokes parameter £,3 determines the polarisation as P=|£,3|. The double line

ratio depends on this parameter as:

R(a/b)

K is a factor of geometry, and the double ratio % is a function of line polarisation. Results of

the discharge are shown in figure 9. During the current steps the line ratio has a higher or

lower value than in the constant current phases. In the beginning of the discharge the effect is

high because during this time argon is puffed. After 4 s the amount of argon is low. So the

error bars become high and the effect is not as well seen as in the early phase of the discharge.

Polarisation of the lines betweeni84% and#35% is measured.
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Figure 6: Calculated profiles of the emissivity of W and Z in the three current steps of the

ohmic discharge #73796.
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Figure 7 (left): The parameters of an ohmic discharge for the investigation of polarisation.

Figure 8 (right): The geometry for the calculation of polarisation.
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Figure 8: Double line ratio (vertical/horizontal). This value is a function of polarisation of

the lines of the ratio.

4.Conclusions and outlook

In TEXTOR 94 line polarisation was measured which shows that during current steps in

ohmic discharges non-thermal electrons exist. The density and the energy have to be

calculated by theoretical models. A systematical analysis especially for discharges with other

heating scenarios like neutral beam heating, ion cyclotron heating or combinations of both is

very important and will be done.
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