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1. Introduction

Far-infrared polarimetry is a well known tool to measure the poldiigdd By, in
termsof thedensity-weightedine-of-sightintegralof By, whichis proportionato the Faraday

rotation angle of the plane of polarizatiohhis ‘traditional’ polarimetry provides important
data to calculate thg-profile, but does not exploit the method completely: The ougbli-
ticity of the beam, generated by the Cotton-Mouton effect (bimgince of a magnetized
plasma), carries line-integrated information on densy  s$irfield components perpen-
dicular to the direction of the beam. This concernfn good approximation- the toroidal
field B; alone which is,in the case of vertical chord#argely constant along the lire sight.
Hence,complete polarimetrgan additionally deliver the line-integrated density,[1¥hich

is otherwise measured routinely by interferometry with the drawbackmgérjumps [2].

It is the phase shif?’ between the wave components parallel and perpendicular to
B; which is proportional tgn.dz (vertical chord). Its measurement requires the input polar-

ization to bedifferentfrom parallel or perpendicula® =0 or 90°), contrary to the custom-
ary approach. The latter aimsdappresshe Cotton-Mouton effect as much as possible in or-
der to obtain the rotation angle in a most simple way and get rdumadlbstacle of spurious
ellipticity generated in the optical systen@ompletepolarimetry, however, needs to tackle
this serious problem, and the way it has been solved at JET is a major topic of this paper.

Anotherissue where noveesults are presented is thritual interference of Faraday
and Cotton-Mouton effect3he former changes the phase shift, too, and the latter has-an im
pact on the polarization angle. The pertinent theory that allgypscximate reconstruction
of the‘pure’ effects is given in [3]; it€rucial test on experimental data is subject of Sechio

2. Experimental set-up

The instrument at JET comprises four vertical and four latenainaels (chords)
with the same probing beams utilized for interferometry ad.w&he schematic in Figl
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shows the essential experimental details for one channel. durelXC output signals, re-
cordedwith 14msresolutionareprocessedumericallyto producehefollowing basicsignals:
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R = PSO)RMS = C 1 tan@cosg R = PSP'VRMSIRMP = Cltan@sing, (1)

where the amplitude ratio ang®@ is defined bytan® = E{’)/E{”) and the phase shift angle
¢ includes a constant offsgty due to grated-beam ellipticity, electronics, etg.= @+ g.

In the calibration measurement wiihearly polarized light(1/2 plate!), i.e. ® =0,
¢ should be constant and the varied input polarizationea@) should figure in Eq$l) save
for an unknown offset®@ = @'+ @, . Thus, it should be straightforward to find the three cali-
bration parametergy, ©,, andC. Not so in reality ¢ varies along with©' as the experi-
mental functionsR(@') andR'(@') have no common zeros, indicatirgpurious ellipticity.

3. A model to account for and eliminate spurious ellipticity

There are several ways to try and explain the origin of spuridiygieity. Some
were put to the test quantitatively (accuracy of fit of calibration data)tzad to be rejected,
including the assumption of an imperfect half-wave plate. The orteatbeks consists in a
model which assumes that an optical element (window, recombinatica?)lgenerates a

constaniphaseshift 5 thatrefersto arotatedco-ordinatesystenmof unknownorientation=.

y

Figure 2 shows the geometrical parameters
¥ and y (polarization angle¥ and ellipticity
N o € = tany) which describe the polarization state of
| light as completely as the characteristics of the
: electric field vector, i.e. amplitude ratian®@ and
" x phase shift angl@ . The transformation between
these two representations is givien(see [3][4])

cos2@ = cos2) cos2¥ (2)
tan@® = tan2y /sin2¥ (3)
tan2¥ = tan20 cos® 4)

Fig.2. Definition of parameters that describe the ) ] )
polarization state of ellipticallpolarized light sin2Y = sin20sin® . (5)

These relations, valid in any co-ordinate system, are aastmevaluate the model as shown
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Fig.3. Model of the origin of spurious ellipticity witlinknown parameterEﬁ and = .

in Fig.3. Although the model hasvo unknown parametersts evaluation yields onlgne
sin2é = sin2=sing (6)

apart from two other new parameteggand @, which, however,incorporate the old ones,



31st EPS 2004; K.Guenther et al. : Complete far-infrared polarimetry measurements at JET 3o0f4

% and Gy, favourably: ¢ = @, + g, and G} = O+ = -9, where tan®, = cos2.= tang and
tan2§0 =—tan2=cos@ . The final result as far as calibration is conved (@'=0) reads

. O H
R = (; j _ C_lM[é sin207/(1+ cosZ{cosZ@D)] M = (Cos(ﬂ 5'“(”] 7)

sin2& cos20/(1+ cos2& cos20") sing —cosg) '

where @"= ©'-06,. These relations can be combined in such a wallihear least-squares
fits concerning the four calibration parametersaossible. The latter then serve to evaluate the
plasma measurement in termsA#¥ andy . Rather lengthy algebra (F§with @'# 0) yields

AY = [atan2(r |, Fcos2é +r,sin2¢) - 2040)]/ 2 sin2y = Fsin2é —r, cos2¢ (8)
r= 2raux/(1+razux) F=(1- razux)/(]-"'re?ux) raux = CMIR sinZOD(O) =r1(0).
Quantities liker,(0) are baseline quantities referring to the situatiefore the discharge.
So, ¥ =0'(0)= @D(O) + @ is the initial polarization angle in the torus codinate system
in whichthephaseshift hasto becalculatedtan®’ = tan2y'/sin 2’ = tan2y/sin2(A%¥+ 44 .

4. Some experimental results

A calibration measurement typical of large spuri@ligoticity and its evaluation in
terms of Eq (7) is shown in Fig. The excellent fit ofp lends probability to the model, while

the slight deviations oR andR' at large angles can be attributed to non-lineaitiethe elec-
tronics and handled accordingly (non-consi@nty means of a fifth calibration parameter.
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Fig.4. Calibration data (Ch. 6) fitted accord- Fig.5. JET Pulse 629818;=3.4T, Ip=2MA), results of pola-
ingtoEq(7): £ =-4.83°+.01°, C=0.482+.001. rimetry on vertical chords (dii/m: 1.8902.702 3.040 3.738)

A complete vertical-system measurement is presentéey.5. The black lines show
the interferometrign,dz expressed as a Cotton-Mouton phase shift anglerdiupto [3]

@' = [(eB /me)za)glasmaf(anﬁght)dz = 2.4568x10711(A/m)3(B, /T)?[n,dz/m2. (9)
The agreement is remarkable. The interaction ofweeeffects (Section 5) is unimportant in

this case. The origin of the very detrimental Spus oscillations of the signals has not yet
been clearly identified; they must be down to dstibns of optical components (cf. [5]).
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5. Mutual interference of Faraday effect and CottonrMouton effect

This phenomenon, though theoretically evident [8i avell known, has so far been
disregarded in practice. Rightly so for small plasmand the standard set#p=©'(0) = 0.
High-density plasmas in the large JET device, hosvexan produce rotation angles and
phase shift angles which have little to do with fr@raday and Cotton-Mouton ones, respec-
tively. This can be demonstrated by comparing polarimetsylts obtained on versimilar
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Fig.6. Results from similar shot8(=2.7T, Ip=2.5MA): Blue traces as measured. Red lines showsire

called ‘model mean valuesjreen lines the limitshoth calculatedaccording to [3]rom the experimental data.
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Fig.7. Comparison of ‘model means’ and their uncertainfastted). show the interferometriqnedz_
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