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INTRODUCTION

The measurement of the safety factor profile has been considered as an essential diag-
nostics for ITER.1 Without the presence of a neutral beam, the only reliable diagnostics
which can fulfill the requirements for the q-profile determination is at present the polarimetry.

This paper presents the results of calculations of the Faraday rotation and the Cotton-
Mouton effect for various plasma configurations (considered as typical) and various beam ge-
ometries which can eventually be realized in spite of the restricted access.

The calculations should help to find a decision for the wavelength and the number and
the position of the observation chords of a possible polarimeter system on ITER.

The paper does not deal with technical questions concerning the implementation of such
a system on ITER. The potential use of internal retro-reflectors or waveguides for the beams
is not discussed here but elsewhere in this volume.

CALCULATION METHOD

Plasma equilibria

All calculations are based on a set of 10 ITER plasma equilibria generated by O.Sauter
using the CHEASE code3 (see figure la). The toroidal magnetic field of all investigated equi-
libria has been 5.7 T on the magnetic axis.

In order to determine the dependence of the Faraday rotation on the central safety factor
q0 the current profile shape was kept constant in 7 equilibria while the total current was scaled
such that q0 varies from 0.81 to 1.1 corresponding to a total plasma current from 21 .OMA to
15.2MA, respectively (see figure lb).

Another pair of equilibria was generated keeping the plasma current constant at 21 .OMA
but changing the current profile. As a consequence the q-profile and qo are different.

Finally a reversed shear case was investigated which was significantly different from the
other equilibria in current (12MA) and shape.
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Figure 1. a) Typical ITER equilibrium used for the calculations together with 11 horizontal polarimeter
chords; b) q-profiles of a set of 7 equilibria used for the calculations; c) Density profiles used to the calculations

Density profiles

Density profiles have been assumed to be a function of the normalized poloidal flux.

"ety/norm) = K « » " ^ V 3 }{ 1 - (Vnormf}2 + lO'V3

a has been varied from 2 (peaked) to 10 (flat profile) while the central density ne(Q) has
been adjusted such that the line averaged density is about twice the Greenwald limit for the
21 MA case (3.1i020m"3 to 1.95 10 °m~3, figure lc). Consequently at lower currents the
Greenwald limit has been exceeded excessively. However in order to separate magnetic field
effects from density profile effects, it is justified to apply these profiles to all equilibria.

Beam parameters and geometries

The calculations have been performed for a wavelength of 100|im. The polarization of
the beams has been chosen to be O-mode for most of the calculations.

The main effort has been focused on a scenario with 11 chords distributed equidistantly
over a diagnostics port in the vessel and slightly inclined (figure 1). Additional vertical and
skew chords have been considered as well.

Beam refraction has been neglected which is discussed elsewhere in this volume.2

Method

The plasma has been cut into slabs of lcm thickness along the observation chords. The
transformation matrices for an electromagnetic wave travelling through these slabs have been
calculated based on the Appleton-Hartree formula and have been applied successively to the
electric field vector of the probing beam. Finally the polarization state of each beam after
passing through the plasma once has been evaluated.



RESULTS AND DISCUSSION

A typical profile of Faraday rotation and Cotton-Mouton effect for a flat density profile
and 11 horizontal chords is shown in figure 2. The total plasma current was modified resulting
in a change of q0 and in the slope of the Faraday rotation profile (figure 3).
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Figure 2. Faraday rotation and ellipticity for a flat density profile, wavelength : lOOum

The Faraday rotation angles for a wavelength of 100|im for a single path through the
plasma are in the order of some tens of degrees. Nowadays polarimeters are able to resolve
Faraday rotation angles of 0.1° or less. From the slope of the rotation profile (figure 3) at the
zero crossing of about 507m it can be assumed that a vertical movement of the plasma in the
order of 1 centimeter can easily be detected.

In this geometry the chords cover most of the plasma cross section. Specially in reversed
shear cases it might be important to have chords passing the region of the minimum of the q-
profile, which can be far from the plasma center.

The Cotton-Mouton effect adds significant rotation and ellipticity to the polarization of
the beams so that it cannot be neglected at 100|U,m wavelength. Eventually it can be used to
determine the line integrated density simultaneously along the polarimeter chords and pro-
vide so informations about the density profile.2

At longer wavelengths refraction of the beam becomes important. At shorter wave-
lengths the Cotton-Mouton effect can completely be neglected. But it has to be taken into ac-
count that the density of the calculated cases is at the high density limit and that in the low
current cases the density even excessively overestimated. A wavelength of about lOOjxm (e.g.

Figure 3. Slope of the Faraday rotation profile for a flat density profile at the zero crossing of the rotation pro-
file, the cross marks the case with 21MA but qo=O.94.
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Figure 4. a) Faraday rotation for low q0. Numbers in the plot denote the central density in 1020m"3; b) Slope of
the Faraday rotation profile for a flat density profile at the zero crossing of the rotation profile

the 118|j.m CH3OH laser line) is therefore the optimum choice for a polarimeter on ITER.
In case of equal qg but different total current and current profile the slope of the Faraday

rotation profile near the zero crossing was found to be equal (figure 3).
However modifying the density profile for a given equilibrium changes the slope of the

Faraday rotation profile significantly (figure 4).

CONCLUSIONS

A wavelength of 100|j.m is the best choice for a FIR polarimeter on ITER.
Slightly inclined chords launched from the diagnostics port allow for measurements

across the whole plasma.
It was shown that the slope of the Faraday rotation is linearly dependent on q0 but also

on the density profile. An absolute value of qo can only be derived having more informations
about the magnetic configuration (symmetry).

The capabilities of a polarimeter on ITER can therefore only be determined completely
by equilibrium reconstruction simulations including all relevant diagnostics.
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