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[. Introduction
The polarisation of an electromagnetic wave travelling throughogically active and

birefringent medium such as a magnetised plasma changes dué teabaday rotation and
Cotton-Mouton effects. From the latter, in certain conditions, one camadhbformation on
the line-integrated plasma density, which is usually measuré¢kebypterferometer, in terms
of the Cotton-Mouton phase shift [1].

The work reports the comparison of the line-integrated plasmaitylemharived from
interferometer and polarimeter diagnostics measurements wigluthese of testing different
models to recover the line integrated plasma density from thsumeeaCotton-Mouton phase
shift. A systematic analysis of the quality of the Cotton-Maumeasurements for a wide
range of plasma conditions at JET (different regimes of temtyore, density and toroidal
magnetic field) is presented for the first time.

The purpose of the work was to identify a suitable model for theirliegrated plasma
density from polarimeter. These new measurements could be udeVimethe problem of
"fringe jumps" in the interferometer, which poses serious diffeslttor the plant safety and
real-time control of many JET experiments. Many of the redaesults will also contribute
and support the design of ITER interferometer/polarimeter.

[I. The models
The evolution of polarisation state of an electromagnetic wamgagating in a magnetised

plasma can be described in terms of the evolution of the reduced Stokes vector [1]:
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S=|s, |=|cos2ysin2y (1)
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where ¢ is the angle of the polarisation plane with resgedhe reference axis angl is
related to the ellipticitys = tar y of the wave. From the ellipticity the Cotton-Montphase
shift ¢ can be derived [1]. The evolution of the Stokestae Sin the cold plasma
approximation (wﬁwf << a)z) where w,,.and « are the plasma, electron cyclotron and

probing wave frequency respectively, can be writisrfunction of the propagation direction

Z.

= =az)xs(2) (2a)

In (2a) Q is a 3-element vector from which the Mueller matdf the plasma can be

computed and it is expressed by:

Q, n.B:
Q=|Q,|0]|n,B,B, (2b)
Q, n.B,

where n, is the electron plasma densityg,B, andB, are the parallel, radial and

perpendicular components of the magnetic field witspect to the wave’s propagation

direction. In the case of JET, for the vertical mhels B, = B, ., - The terms Q,,Q,) and
Q, account for the Cotton-Mouton and Faraday effespectively. As described in (2a) the

Stokes vector's components are dependent on thentiegrals ofQ, :

W = [Qdz wherei = 123 3)

4

The line-integrated plasma densi{tye> can be evaluated directly from the Cotton-Mouton

phase shiftg using jne =C ¢/ BZ .., Wheren, is the plasma density and C is a constant

depending of the wavelength of the probing wavke phase shift is provided by polarimeter
or by the following possible solutions for the (2ajuation.

A. Rigorous solution

The Stokes vector of the wave after the plasmabkas calculated numerically solving the
propagation equation (2a) [1]. A code has been |dped by using the magnetic field

components given by the equilibrium code EFIT ahd profile of the plasma density

provided by Thomson scattering measurements.
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B. Typel approximation

In plasma conditions for whictW, << ahd for an initial linearly polarised radiation emted

at 45°, the Faraday rotatigu) and Cotton-Mouton phase shgftangles can be derived by

s, =-W, [ —I nBdz=1/tan2y, s, =W, [ J'nBTzdzz tang respectively [2].

C. Typell approximation

The condition of smalW is often too restrictive but wherQ)¢ >Q, >>Q,), i.e. Faraday
rotation effect is much larger than the Cotton-Mouteffect and for an initial linearly
polarised radiation oriented at 45°, an approxinsatation [2] can be found for the equation

(2a), which consists of assumisg= ~sinW, s, = cosW, ands, = [ Q,(z)cosw,(z)dz.

4

D. Empirical model
It considers a mutual interference between the dégraand Cotton-Mouton effects [3] as

given by the differential equatiotdp=dg,, — (sin 2@l tan 2¢/) da, wherea and g, are the

measured Faraday rotation angle and phase shifg enthe pure Cotton-Mouton angle.

[ll. Results
A large number of JET pulses have been selecteériogy different plasma conditions:

plasma current up to 3MA, additional power up tdv309, toroidal fields up to 3T and
temperature up to 12keV. Then, the line-integragledma density has been evaluated using

the polarimetric data and the models mentionetierprevious section and compared with the

experimental measurements provided by the intenfeter<nf3> :
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Figure 1: Density variation for polarimetric data and for different modelswith respect to the
interferometer line density (the dotted red lines arethe threshold reference of one fringe)
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In Figure 1 are shown the differences in termsiofjes (1 fringe=1.143x1&m?) only for

those points where the line-integral density fréwa tigorous solution differs within one

fringe with respect to thén;> . In order to evaluate the quality of different reteda merit

function histogram-based similar with figure 1 héeen generated but this time for various
time intervals and density range as depicted inrféi@:
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Figure 2: Histograms of agreement between different models and polarimeter with respect to the
interferometer in function of thetime and density ranges

IV. Conclusions

The agreement between the rigorous solution an@ TYfpapproximations Witr(nie> is valid

in about 90% of the cases. The differences mayhsetd by the errors in evaluating the EFIT

or density profile from Thomson Scattering.

The density derived directly from the polarimeterin agreement Witl<n2> up to densities

about 15*18°[m™?]. The empirical approximatio(nfmp> is making the agreement better but

not enough for high densities. The strong deperglehthe Cotton-Mouton phase shift on the
Faraday rotation angle, when both are high, maicate that an additional correction term
based on the optical properties of the optical camepts of the diagnostic is necessary in the

empirical model. This work will be performed in theure.

Acknowledgments
Work performed under EFDA and partly funded by EURM and by Consorzio RFX. The views and

opinions expressed herein do not necessarily tdfiecviews of European Commission.

References

[1] Segre, Plasma Phys. Control. Fusion 41, R576K1099)
[2] F.P. Orsitto et al.: Modelling of Polarimetmeeasurements at JET, 3rd EPS 2006
[3] K.Guenther et al, Plasma Phys. and Controlidrud6, 1423 - 1441 (2004) S.E



