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One of the systems envisaged for measuring the current density profile in the ITER is a 118 mm

poloidal polarimeter system. The proposed system has two independent views: one fan of chords

observes the plasma via an equatorial port and a second fan views down from an upper port. This

article will present the status of the on-going work and will address issues as sensitivity and

accuracy, refraction, Gaussian beam ray-tracing, alignment, and calibration as well as some specific

design details. © 2004 American Institute of Physics. [DOI: 10.1063/1.1804372]

I. INTRODUCTION

Control of the current density profile is essential for the

so-called advanced modes of tokamak operation. The main

techniques to measure this profile are based on the Faraday

effect, experienced by a far-infrared beam passing through

the plasma (called polarimetry)
1
and on the motional Stark

effect (MSE)
2
experienced by energetic neutral beam atoms

that are injected into the plasma. Both techniques have their

specific advantages and, therefore, both of them are being

explored for the ITER tokamak (ITER5Latin word for “The

way”). This article will focus on the poloidal polarimeter

system for ITER. In Sec. II the overall optical setup along

with the results of (Gaussian beam) ray-tracing calculations

including refraction will be presented. In Sec. III the values

for the Faraday rotation angles and the ellipticity that can be

expected are discussed for various ITER operational sce-

narios, along with the envisaged accuracy in the determina-

tion of the current density profile. In Sec. IV the character-

istics of the retroreflectors to be employed are discussed.

Gaussian-beam ray-tracing calculations of one of the polar-

imetry chords all the way from the retroreflector to the diag-

nostics laboratory have been performed to assess alignment

issues and to study the optical tolerances. The results of these

calculations are presented in Sec. V. The article will be con-

cluded with an outlook including suggestions for further

work.

II. BASIC GEOMETRY AND LAYOUT

The polarimeter under study is an evolution of the sys-

tem that was originally proposed for ITER-98.
3
That system

featured a fan of chords viewing the plasma through an equa-

torial port and was envisaged to operate at a wavelength of

118 mm. Because the geometry of ITER has changed with

respect to that of ITER-98, the maximum number of chords

via the equatorial port is now limited to 9 (see Fig. 1), view-

ing the plasma via two penetrations through the blanket mod-

ules. The change of geometry has happened in parallel to the

work reported here. This explains why in some figures cal-

culations for eight chords are shown. Since in all cases the

calculations have been done for the same plasma geometry

this does not have an effect on the conclusions of this article.

To optimize the coverage of the plasma also four chords

via an upper plug are proposed. Additional chords looking up

from the divertor have been used for a small part of the

underlying study. The beams are reflected back along the

same path through the plasma by means of 37 mm wide

retroreflectors indented about 25 cm deep at the bottom of

remote handling grips in the blanket modules opposing the

ports. The chord geometry is essentially fixed by the fact that

the retroreflectors can be only positioned at a number of

discrete slots in the blanket modules and the additional desire

to minimize the number and size of port penetrations to re-

duce as much as possible the neutron streaming through the

port plugs. It may be obvious that, because of their proximity

to the plasma, the retroreflectors are the most critical element

in the setup.

In the design of the optical system the rule of thumb was
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used that the dimensions D of apertures and mirror diameters

should be larger than the limit Dmin.2.2d, with d the 1/e

width of the intensity distribution of the laser beam.
4
This

corresponds to a 99.2% reflection/transmission by/through

the optical component. Since the maximum possible diam-

eter of the retroreflector is limited to 37 mm (i.e., the width

of the remote handling grips in the blanket modules), this

was used as a starting point for the gaussian beam ray-tracing

calculations. To avoid vignetting by the retroreflector, the

beam focus at the retroreflector should have a diameter

smaller than 16.5 mm. In Fig. 2, the beam expansion is

shown for three diameters of the beam waist: a larger beam

waist leads to a smaller diameter of the beam in the port

plug. To allow for some small beam misalignments on the

retroreflectors a 13 mm diameter beam waist was used as

design guideline. The distance between the retroreflector and

the port penetration is in the range 4.5–5.5 m (depending on

the chord) and that between the retroreflector and the second

mirror (being the first focusing element seen from the

plasma) is between 6.5 and 7.5 m. Applying again the rule of

thumb, this implies that blanket penetrations with a diameter

of 100 mm are sufficiently large for the lateral fan of view-

ing lines. This incorporates even some margin for slight mis-

alignments of the beam and the use beam steering for align-

ment purposes. Apart from the second mirror only one other

focusing mirror per chord is needed to guide the laser beam

all the way from the retroreflectors to the diagnostics labo-

ratory (see Table I, Fig. 3). All other reflective elements are

plane mirrors.

In principle also a blanket penetration of 100 mm diam-

eter would be large enough for the additional vertical view-

ing lines. However, to be able to correct for possible mis-

alignments and the requirement for beam sweeping (see Sec.

V) a somewhat larger diameter s120 mmd is preferable.

Albeit not very critical for the optical system, it is tempt-

ing to minimize the number of optical components in the

setup. Nevertheless, the viewing penetrations should have a

sufficiently high number of bends to reduce the neutron

streaming and also to correct for differential movements of

the various parts of the ITER device. Furthermore, a double

vacuum barrier is needed. This will be made up of two

FIG. 1. Overview of the proposed polarimeter system for ITER.

FIG. 2. Expansion of the beams for different beam waists at the position of

the retroreflectors.

TABLE I. Coordinates of all optical elements in the beam line of polarimeter chord No. 5 (see Fig. 1).

Number Element Xsmmd Ysmmd Zsmmd

Focal length

(mm)

Cumulative

distance

(mm)

1 Retroreflector −4048.70 −1937.62 1803.30 0.00

2 Plane mirror −9057.60 −1937.62 284.50 5234.10

3 Spherical mirror −9057.60 −1733.32 284.50 5100.00 5438.40

4 First window −11 004.94 −1733.32 482.00 7395.73

5 Plane mirror −12 598.62 −2014.33 482.00 9014.00

6 Second window −12 598.62 −2014.33 818.00 9350.00

7 Plane mirror −12 598.62 −2014.33 1154.00 9686.00

8 Plane mirror −12 773.31 −1023.61 1154.00 10 692.00

9 Plane mirror −17 640.86 −1881.89 1154.00 15 634.64

10 Plane mirror −17 640.86 −1881.89 2862.50 17 343.14

11 Plane mirror −17 403.25 −2695.49 2862.50 18 190.73

12 Spherical mirror −33 250.00 −7323.44 2862.50 72 00.00 34 699.43
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vacuum windows separated by a 90° mirror. The two win-

dows each need to tilted by a small angle to avoid backre-

flections and to have a minimum distortion on the beam

polarization.
3
If the amplitude of the backreflected signal ar-

riving at the detector is even as small as 1%, this leads to an

additional error in the measurement of the Faraday rotation

angle of 0.1 deg.
5
The space between the two windows is

separately pumped. An overview of the beam line from the

first window to the entrance of the diagnostics laboratory is

shown in Fig. 3. The coordinates of all optical elements are

indicated in Table I.

Ray-tracing calculations have been done for ITER plas-

mas with two different density profiles: ne=10
19+a31020

3 s1−rbdm−3, with r the radial coordinate, being 0 in the

plasma center and 1 at the edge. Both a flat (ITER reference)

density profile with a=1 and b=10, and a peaked profile

with a=2 and b=2 have been studied. The beam displace-

ment due to refraction varies from chord to chord and is

typically between 1 and 6 mm for the equatorial chords and

the flat density profile (see Fig. 4). The refraction for the

peaked profile and for the vertical chords, with a much

longer line of sight through the plasma is somewhat larger

(up to 12 mm in the worst case). It is important to note that

the difference in the beam displacements calculated for the

flat and for the peaked profile is typically between 1 and

1 mm (depending on the chord). These small displacements

can be easily corrected by appropriate beam steering (see

Sec. V). They also demonstrate that the system is relatively

insensitive to changes in the shape of the density profile,

albeit that one should carefully take this effect into account

when dimensioning the mirrors. For instance a 4 mm mis-

alignment of the beam on the retroreflector of chord No. 5,

would lead to a misalignment of the beam on almost all

components in the beam line (see Fig. 5). So either the op-

tical components should have a large enough dimension to

incorporate these misalignments, or one should make use of

active beam steering (see Sec. V).

The effect of electron cyclotron absorption has not been

separately studied for ITER. However, in the earlier study for

ITER-98 it was already concluded that absorption by very

high harmonics of the electron cyclotron frequency was

completely negligible under all conditions.
3
Since the highest

electron cyclotron emission frequencies expected in ITER

are lower than those in ITER-98, this conclusion is still

valid.

III. SENSITIVITY OF THE SYSTEM

The Faraday rotation angles and ellipticity have been

calculated for a range of ITER equilibria during a nominal

inductive scenario that is envisaged for ITER (see Table II).

The vacuum toroidal field in all these cases was equal to

5.3 T. Furthermore, two other equilibria have been consid-

ered. One of them is a 17 MA plasma at the end of the

burning plasma phase, and the other is the equilibrium cor-

responding to a reversed shear plasma with a plasma current

of 10 MA. All equilibria have been calculated for six differ-

ent density profiles (see Fig. 6).

FIG. 4. Effect of refraction on the position of the beam on the retroreflectors

(in a direction perpendicular to the chord). Chords 1–8 are for the equatorial

port system, while chords 9 and 10 are two of the chords viewing via the

upper port.

FIG. 5. Effect of the 4 mm beam dis-

placement on the retroreflector of

chord No. 5 on the full beam trajec-

tory.

FIG. 3. Overview of the optical transmission line from the position of the

first vacuum window (No. 4 in Table I) to the point of entrance into the

diagnostic laboratory (No. 12).
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The calculations of the Faraday rotation angle and the

ellipticity (related to the Cotton–Mouton effect) were done

by cutting the plasma in slabs of 1 cm thickness and calcu-

lating the transformation matrices of an electromagnetic

wave traveling through this slab and by applying these ma-

trices to the electric field vector of the beams. Refraction in

the plasma due to density gradients was neglected in this part

of the study. The calculations were done for single passage

through the plasma only. So all values given below should be

multiplied by 2. The MATLAB computer program for these

calculations was originally developed by Nieswand.
6

Here we will only present as example the calculations

for a fan of beams through the equatorial port and for the flat

density profile. The calculated values of the Faraday rotation

angle and the ellipticity are rather large (see Fig. 7) and can

be easily measured with high accuracy. Also the dependence

of the slope of the Faraday rotation profile on the central

safety factor is easily measurable with sufficient accuracy,

even in the reversed shear case, where the rotation angles are

typically a factor of 2 smaller than in the other cases. Similar

conclusions can be made for the upper chord and for the

other density profiles.

The slope of the Faraday rotation angle depends on both

the central q value and the central density leading to the

conclusion that the density profile should be measured in

conjunction with the Faraday rotation profile. This could be

done either by interferometry along the same (polarimetry)

chords (albeit that this method is very vulnerable to multiple

fringe jumps and vibrations of the optical components, ne-

cessitating the use of a second wavelength) or by using the

Cotton–Mouton effect to retrieve the electron density, as was

originally proposed by Segre,
7
and already successfully dem-

onstrated at W7-AS.
8
In this respect it should be mentioned

that a polarimetric method proposed by Segre for ITER has

been successfully tested at University College, Cork.
9
This

method is based on a polarization modulation scheme that

allows the simultaneous measurement of the Faraday rotation

and the Cotton–Mouton effect by two, independent phase

measurements, so that the diagnostic is virtually independent

from intensity variations of the probing beam due to refrac-

tion and mechanical vibrations. In the test a sensitivity of

about 1 deg with a time resolution of ,10 ms has been dem-

onstrated. Complete polarimetry (i.e., the simultaneous mea-

surements of the Faraday and the Cotton–Mouton effect) has

been already successfully applied to the Joint European

Torus plasma.
10

The calculations presented in Fig. 6 and similar calcula-

tions for other cases demonstrate that physically speaking

polarimetry at 118 mm is well feasible at ITER. However,

they do not give an answer on the optimum number of

chords of the polarimeter system. Therefore, it was decided

to calculate the accuracy in the determination of the q profile

TABLE II. Plasma current Ip, central safety factor q0, and plasma pressure

ptot for the series of equilibria during a normal inductive scenario.

IpsMAd q0

ptot

s0d

sMpad Remarks

5.5 2.14 0.03

6.5 2.02 0.03

7.5 1.79 0.04 X-point formation

8.5 1.61 0.05

9.5 1.47 0.07

10.5 1.36 0.08

11.5 1.28 0.09

12.5 1.18 0.11

13.5 1.13 0.13

15.0 1.05 0.16 Start of current flat-top

15.0 0.99 0.99 Start of burn

15.0 0.99 0.99 End of burn

12.2 0.83 0.14 End of cooling

FIG. 6. Density profiles that have been used in the calculations. The profiles

range from flat to peaked, but all have the same value of the line-averaged

density.

FIG. 7. Calculated Faraday rotation angles for a horizontal fan of chords

(top) and the corresponding ellipticity values (bottom). The viewing angle is

defined as the angle the chord makes with the equatorial plane (negative

numbers refer to values below the midplane). The steepest slopes in the

Faraday rotation correspond to the largest plasma currents. All values are for

single passage of the beam.
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using simulated polarimeter signals that were calculated

from a database of in excess of 5000 lower single null equi-

libria (of which 1986 were selected for the present analysis).

This database had been originally generated for the simula-

tion of magnetic signals and has recently been extended by

the computation of simulated polarimetry signals and the

randomization of the plasma current. The equilibria were

generated using a Database Generation and Analysis Package

(DGAP). The core equilibrium calculation in DGAP is per-

formed by the Garching equilibrium code. The database con-

sists of 10, Ip,20 MA, B0=5.3 T lower X-point plasmas.

The database contains a range of different q and density

profiles.

Figure 8 shows the mean q profile generated from the

database with the 95% s2sd confidence bands using only the

magnetic signals and using the magnetics plus 15 simulated

Faraday rotation angles and 15 line densities. Noise was

added to all simulated signals (15 mT on magnetics, 0.2° on

Faraday rotation angles and 231017 m−3 on densities). Fig-

ure 9 shows the q-profile recovery error using only magnetic

signals, magnetic 1 the equatorial polarimeter fan, and mag-

netics 1 both polarimeter fans.

The calculations shown in Figs. 8 and 9 have been done

using the line density as measured by interferometry. How-

ever, an interferometer at ITER operating at 118 mm is ex-

pected to suffer from multiple fringe jumps. Therefore, it is

planned to retrieve the electron density from the Cotton–

Mouton effect measured along the same chord. The latter

measurement is insensitive to fringe jumps and therefore

much more robust. Simulations have been done using the

density profile measured from the Cotton–Mouton effect in-

stead of the interferometric density profile, leading to almost

exactly the same conclusions with regard to the q-profile

recovery error.

It is clear from Figs. 8 and 9 that the data from the

horizontal polarimeter fan give a substantial improvement of

the q-profile determination in the plasma center. Including

the chords via the upper port gives a further, but smaller,

improvement. Analysis of the present database shows that

the q-profile shapes can be described effectively with only

six free parameters and, hence, may be artificially con-

strained thereby leading to an underestimation of the number

of polarimeter chords necessary to adequately recover the

profile.

IV. RETROREFLECTORS

As has been already stated in the introduction, the most

critical elements of the polarimeter for ITER are the retrore-

flectors. To study the reflective properties of retroreflectors

that are indented in a relatively deep s25 cmd slit, extensive

ray-tracing calculations have been done.

In Fig. 10 the reflectivity is calculated for four different

types of retroreflectors and as a function of the misalignment

(in the poloidal direction) of the beam with respect to the

center or the reflector. The conclusion is that it is advanta-

geous to use a retroreflector that is elongated in a direction

parallel to the slit in which it is placed. A 60 mm long,

37 mm wide retroreflector can cope with misalignments of

up to 20 mm in the poloidal plane, without any effect on the

reflectivity. This should give enough margin to cope with

beam displacements due to refraction in the plasma. One of

the interfaces of the elongated retroreflector should be ori-

ented roughly vertical to minimize beam losses.

From Fig. 11 it is evident that it is important that the

corners of the retroreflector are preferably sharper than 5%

of the beam width for a .90% reflection. Although it is not

difficult to manufacture retroreflectors with ideal sharp cor-

ners, care should be taken that the cumulative effects of ero-

FIG. 8. Mean q profile, 95% database envelope (solid lines), 95% 2ssd

confidence bands for magnetics-only (dotted) and for magnetics +15 Fara-

day angles +15 line densities (dashed).

FIG. 9. Root mean square recovery error of the q profile ( 1s here, 2s in

Fig. 7) vs the normalized poloidal flux for the magnetics-only base line

model (solid), eight main plasma polarimetry chords (dashed), and all 15

chords (dotted).

FIG. 10. Reflection of a Gaussian beam of 12 mm diameter vs the misalign-

ment on the corner cube for three different retroreflectometer geometries.

Solid: elongation oriented parallel to one interface: length: 60 mm, width:

37 mm; dashed: same as solid but for a length of 50 mm; dotted for a

circular 37 mm diameter retroreflector.
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sion and deposition are small enough to not deteriorate the

sharpness as a function of time. This implies that preferably

materials with a low sputtering yield should be selected.

Monocrystalline molybdenum seems to be the most promis-

ing material in this respect and is presently experimentally

tested.

Apart from the fact that rounded corners have an effect

on the absolute reflectivity, it also causes the reflectivity as a

function of misalignment to become a nonmonotonic func-

tion with various local maxima and minima, which makes

the alignment of the beam on the retroreflector (by searching

for maximum reflection) much more difficult.

V. OPTICAL TRANSMISSION LINE

As was mentioned in Sec. II, the optical transmission

from tokamak to diagnostics room will be a quasioptical sys-

tem, evacuated up to the second vacuum window. The inter-

space between the two windows is separately pumped. The

remainder of the oversized beam pipes is flushed with dry air

or nitrogen to avoid absorption of the beam. The setup is

rather similar to the polarimeter system that is used at the

Reversed Field Experiment (RFX).
11
The latter system has a

31 m long transmission line flushed with dry nitrogen and

features in total ten mirrors and mylar windows at either end.

The transmission of this system amounts to 61%. Most of the

attenuation of the beam is caused by the aluminium mirrors

(their experimentally determined average reflectivity is 0.973

per mirror) and by the two mylar windows, which together

have a transmission of 89%. Although the transmission sys-

tem at ITER will be longer than that at RFX (about 44 in-

stead of 31 m), it is obvious from the RFX experience that

not the length of the transmission line, but the actual number

of optical elements is decisive for the attenuation. Care

should be taken to keep the number of mirrors as low as

possible. The system at RFX will be used to investigate how

the characteristics of key optical components such as the

retroreflector and the beamsplitters that separate the incom-

ing from the return beam can affect the measurements.

To get a feeling for the diameter of the beams along the

optical system, and the required tolerances for the placement

of optical components, as well as to study how the alignment

of the beams can be maintained, Gaussian-beam ray-tracing

calculations have been performed. A choice was made to do

this for chord No. 5, which is the one that is probing just

above the midplane (see Fig. 1). The coordinates of the vari-

ous optical components are listed in Table I. The calculations

were done from the retroreflector to the point of entrance in

the diagnostic laboratory. The Gaussian-beam ray-tracing

calculations have been performed with the computer pro-

gram GRT3D, that was originally developed for the design of

the interferometer system at the H-1NF heliac.
12

As starting point of the calculations we defined the op-

timum beam waist at the position of the retroreflector to be

13 mm diameter (or as is further used in this article a beam

radius of 6.5 mm). The calculated beam waist as a function

of distance in the system is indicated in Fig. 12. The vertical

lines indicate the positions of the various mirrors in the sys-

tem. The vertical black line indicates the position of the port

penetration. The following focal lengths have been used:

f#3=5100 mm and f#12=7200 mm. The focal length of mir-

ror No. 3 has been chosen such, that the beam radius in the

optical system between mirror Nos. 11 and 12 is as small as

possible. Also calculations have been done for other focal

distances. A focal distance f#3=4430 mm (and f#12
=6731 mm) results in the smallest beam diameter inside the

port plug, which is advantageous because it leads to a lower

neutron streaming. However, in case one also includes the

necessity to have some extra margins in the diameter of the

port penetrations to make it possible to align the beams one

comes to the conclusion that the focal distances as used in

Fig. 12 are the optimum ones. Figure 12 is reversible for the

in- and outgoing beams as long as the beam is well aligned

on the optical axis of the system.

Assuming an ideal alignment of the beam on the optical

axis of the system, the minimum needed diameter of each

optical element (as well as the diameter of beam penetra-

tions) can be calculated. For the setup described here, this

would imply that all optical elements from port penetration

up to mirror No. 11 could be 75 mm diameter or less. How-

ever, as we shall see further, larger diameters will be needed

to tolerate a certain degree of misalignment as well as to

have the possibility to actively steer the beam for alignment

purposes. Between mirror Nos. 11 and 12 the beam expands,

but still fits in the 150 mm transmission pipes that are fore-

seen in the ITER design.

During operation of the polarimeter it can happen that

due to any physical reason (e.g., refraction, movement of

machine components), the beam is not well aligned onto the

FIG. 11. Reflection of a centrally aligned Gaussian beam from a retroreflec-

tor as a function of the radius of curvature of the corners, normalized to the

1/e beam width.
FIG. 12. Calculated waist (defined in terms of radius) of the full optical

system from retroreflector up to the second focusing mirror, close to the

entrance to the laser laboratory ( f#3=5100 mm, f#12=7200 mm). The ver-

tical lines show the locations of the optical components. The thick line refers

to the position of the port penetration.
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retroreflector, or it may even miss the retroreflector com-

pletely. This can happen for one or more polarimeter chords

simultaneously, while other chords maybe still well aligned.

Therefore, it is proposed that as soon as the reflected signal

for an individual chord becomes below a certain detection

threshold, the chord is automatically switched from measur-

ing mode to a scanning mode. In the latter mode, the beam is

scanned over an area of 58358 mm2 at the position of the

retroreflector. Because it is not easy to move any of the mir-

rors that are positioned close to the plasma (i.e., mirror Nos.

2 and 3) for obvious reasons, it is thought better to do the

scanning by tilting a mirror that is further down the beam

line. The best option seems to be to use mirror No. 5 for

steering the beam. By tilting this mirror over ±0.32° in two

directions, it is possible to scan the beam over an area of

58358 mm2 at the position of the retroreflector. The scan-

ning will give rise to an additional displacement of the beam

on the optical elements between the retroreflector and the

scanning mirror ( ±20 mm at focusing mirror No. 3), which

then defines the totally needed dimension of the beam pen-

etration at each point as well as the needed dimensions of the

various optical elements.

The transmission line from mirror No. 5 all the way to

mirror No. 12 and even further into the diagnostic laboratory

will be built as a fully articulated transmission line, which

automatically keeps the alignment. With the GRT3D code we

studied the maximum tolerable angular and transverse mis-

alignments of the components in this beam line. The maxi-

mum tolerable angular misalignment is 10 mrad, and the

maximum tolerable transverse misalignment is 1 mm (in a

plane perpendicular to the beam axis) for all mirrors outside

the bioshield. The effect of misalignments along the beam is

very low and has not been considered. The earlier-mentioned

tolerances are not extraordinary tough and it must be rela-

tively straightforward to achieve them in a properly designed

system.

VI. CALIBRATION

An important issue is to develop potential calibration

strategies. However, it is very difficult to do this as long as

the technical implementation of the polarimeter has not been

fixed.
13,14
Nevertheless, it seems to be a rather obvious way

to calibrate the polarimeter between consecutive ITER dis-

charges. In that case, for an ideal optical system the expected

Faraday rotation and Cotton–Mouton effect should be zero.

However, coatings on especially the first and second mirror,

nonideal behavior of the retroreflector, and birefringence in

windows can lead to a nonzero rotation of the plane of po-

larization of the beam as well as to a nonzero ellipticity. The

cumulative effect of these can be measured in absence of the

plasma and then corrected for during plasma operation.

It would good if also a provision is added to quantita-

tively induce a polarization in the beam (in case of no

plasma). In many present polarimeters rotating polarizers are

used to quantitatively calibrate the system. Since in the ITER

polarimeter the beam returns along the same path, it is not

possible to use rotating semireflective plates for purpose. In-

stead one should employ rotating polarizer grids that can be

moved in to/out off the beams.

VII. OUTLOOK

As was stated in the introduction, polarimetry is not the

only method that can measure the current density profile.

Therefore it is important to extend the simulation studies

reported in Sec. III, to find the optimum combination of

magnetics, polarimetry chords, and MSE observation chords

to retrieve the q profile in ITER within the requirements set

by the ITER team.

Additionally detailed testing of prototype retroreflectors

is underway. This is at the one hand done by exposing the

retroreflectors to bombardment with deuterium ions from a

source, after which the reflectivity and the polarization char-

acteristics are measured at 118 mm. On the other hand, pro-

totype retroreflectors are exposed to the Tore Supra plasma to

get an idea of their vulnerability to erosion and deposition as

a function of time. Furthermore, it was shown in literature

that the polarization state of the retroreflected beam may de-

pend on the specific region of the retroreflector hit by the

incoming beam.
15,16
The polarization is only preserved when

the retroreflector is illuminated in such a way that all the

radiation in the beam cross section undergoes the same se-

quence of three reflections. As this is difficult to achieve in

the ITER design (a very small beam waist at the retroreflec-

tor would be required), it can be expected that movements of

the beam within the 37 mm diameter active area of the cor-

ner cube, would introduce changes of the polarization status

that are in principle indistinguishable from those due to the

plasma. The importance of this effect needs to be investi-

gated experimentally.

A further important aspect that has not yet been ad-

dressed in our study is the effect the various optical compo-

nents (mirrors, windows, beam splitters, etc.) have on the

polarization of the beam. It is obvious that the various optical

elements (including possible deposition layers) should cause

a minimum distortion to the polarization ellipse of the beam.

This, however, is strongly related to the polarimetry scheme

that is adopted for ITER. Therefore, the various schemes

(based on static, rocking, and rotating linearly polarized in-

put beams, counterpropagating circularly polarized beams,

etc.) should be studied in detail to assess their possible merit

for ITER. It is foreseen that many of these aspects can be

tested in the mock up that is available at the RFX experiment

in Padova (see Sec. V).
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