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Polarimetry diagnostic for International Thermalear Experimental Reactor (ITER) considered among
the tools to measure and, thus, to provide ability to cdrtie thermonuclear plasma in the next generation
fusion device. The shortage of the reliable sources in the short wavelength far infrared (FIR) region suggests
to use ommon CHOH oscillation line. Recently new laser sources became available gnh 38R region.
Proposed system unveil the altelimatpossibilities gpart from 118.8um poloidal polarimeter for ITER. This
system, which introduces 47.6 and 57.2 oscillation lines op-GSer pumped CkOD laser inherits all well
documented features from it 1188 predecessor will shows the clear advantages to utilize shorter wavelength

radiation for plasma probing.
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1. Introduction

Control of the current density profile (the safety fac-
tor profile can provide veryfective internal constraints
for the reconstruction of magnetic equilibria) becomes a
paramount issue for the future tokamak experiments. Po-
larimetry (an instrument for measuring the polarization of
light, and for determining theffect of a plasma in rotating
the plane of polarization ofgiht) can provide information
on the denisy and magnetic field from which current pro-
file could be reconstructed.

2. Basic Layout of the Polarimeter

The polarimeter system that presented here is evolved
from the previous designs: ITER-98 and ITER-FEAT
[1,2]. Previous system was design to operatelat
1188 um CH;OH oscillation line. It is well known that
there are two main approaches to build the polarimetry
system. To oldined hformation about magnetic field one
have to measure the value of Faraday rotation angle
which is proportional to poloidal magnetic field (its com-
ponent parallel to the beam lin8),; and electron density
Ne.

ot = 2.82% 107152 f ne(2) dz 1)
zZ

aF = 2.62x 1071322 f Ne(2) By (2) dz (2)
z

From af values pofile of the poloidal component of the
magnetic field could be calculated. It became obvious that
the quantity of the electron density along very same beam
line have to be knownFor this purpose along beam chord
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Fig. 1 ITER cross-section with horizontal 'beam-fan’ lines from

the first plane mirror to retroreflector. Additional verti-
cal chords, which are inserted from upper port plug are
shown only for reference.

an interferometric measuremegt or measurements of
the ellipticity angleacy (Cotton-Mouton &ect or plasma
birefringence) have to be performed.

acw = 2.45%x 1071123 f Ne(2)B(2) dz ()
z

maximum number of twelve probing beams comes into

the plasma though the diagnostic plug at the low-field

side (LFS). All dords have the same single crossing

point at the edge of the blanket shield module (BSM)
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Fig. 2 Calculated Faraday (top) rotation and ellipticity (middle) i? 2 >
and averagetine density (bottom) for wavelength 5 Q= Ysin“§ _ i Ysin“e (5)
for the shgle passage through the plasma. 2(1- X) cost 2(1- X) cosyp

where X = w3/w? andY = wc/w, angled - is the agle be-
(see Fig. 1). They almost quasi-equidistantly cover entire tween the direction of propagation and magnetic figd
poloidal plasma section. The orientation of the chords is The parametep represents the phase shift in the charac-
that there is no taridal component of the magnetic field  teristic propagating modes:
along the line of sight. At the high-field side (HFS) of w
the BSM small ¢37mm) corner retroreflectors (CRR) are o= W) (6)
placed to reflect backwards the laser beams.

Recently for ITER-scale experiments and for the the quantities.- andu, are the refractive indices of the
plasma experiments on Large Helical Device (LHD) we WO characteristic modes, udh are gven by Appleton-
have been developing short wavelength FIR laser. This re- Hartree formula. The Jones matrix takes into account both
search activities are carried out to overcome the common the Faraday rotation and the Cotton-Moutdreet.

‘fringe jumps’ phenomena which occurs because of elec- The calculation of the expected values of Faraday ro-
tron density increasing during pellet injection experiments.  tation angle and ellipticity for chosen ITER ‘plasma burn’
On LHD 13-channel 11@m CH;OH laser interferome- ~ Scenario (plasma currenf, = 150197 MA, qo = 0.99,

ter has routinely operated to provide information on the flat’ electron density profe (as a function of normal-
electron density profile. The wavelengths of the new two- ized pobidal flux function¥nom) of form: ne (¥norm) =

color interferometer are 57i@n (~ 1.6 W) and 47.am (ne(O)— 10%° m‘3){1— (‘I’norm)8}2 + 10*m™3, with ‘cen-
(~ 0.8W) in a twin optically pumped CHOD laser B, 4]. tral’ densityne(0) = 2.0 x 10?°°m=2 and plasma pressure
Since47.6ym and57.2um profile of formP (¥rorm) [MA] = 0.8x {1 - (\ym,m)2}2) are

For ITER experiments we advocate the classical inter- gnhown at the Rj. 2. One can see that for the chosen wave-
ferometer/ polarimeter approach for its considerable sim-  |ength of 57.2um Famday rotation angle is about 2580,
plicity to reconstruct experimental data. We consider the \yhich is still large enough to perform accurate measure-

propagation of polarimetdreams through a thin (layer of  ments (even in the case when polarimeter have a modest
plasma ticknessz) in the presence of a magnetic field. accuracys 1.5-2.0°/m).

The Jones matrix, S, for the homogeneous layer of the
plasma through which laser beam is penetrate, takes place
in z-diredion and where the magnetic field is taken to be
in they — zplane is [6].

3. Two Color Interferometer
Recently for ITER-scale experiments and for the
plasma experiments on Large Helical Device (LHD) we
S- ( Si11 Sz ) @) have been.d.e.veloping shprt wavelength FIR laser. This re-
So1 Sa2 search activities are carried out to overcome the common
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Fig. 4 Optimization of the laser beam diameter for coupling
of Gaussian beam at the entrance plane of the dielec-
tric waveguide, for wavelength of 474@m, 57.2um and
118.8um.

Fig. 5 Poloidal polarimetry transmission lines and port plug to

tokamak.

‘fringe jumps’ phenomenadrause of rapid raise of the
plasma electron density, which occurs during pellet injec-
tion experiments. On HD 13-channel 118.6m CH;OH
laser interferometer has routinely operated to provide in-
formation on the electron deibgprofile. The wavelengths

of the new two-color interferometer are 52 (power
1.6W) and 47.am (power 0.8W) ina twin ogically
pumped CHOD laser P, 3]. Since 47.@m and57.2um
have diferent polarization a Martin-Puplett diplexer is
placed in front of the laser output. One of the most impor-
tant issue is the developiraf high quality heterodyne de-
tection system with fast and sensitive characteristics. After
investigating among several candidates we finally chose a
gallium-doped germanium dasttor operating at liquid He
temperature.

4. Transmisson Line and Corner
Retroreflectors
One of themain diterences from 1188mn system is
that instead of using quasi-optical transmission line (evac-
uated tubes of 90-120 mm in diameter) 40 mm dielectric

waveyuides (made from Pyr@k borosilicate ¢ass (with
reldive dielectric constang, = 4.6-5.0) or acrylic resin
(¢ = 2.7-6.0)) become an attractive candidate.

Determination of life-time for glagdielectric com-
ponents becomes high priority research task. Oversized
waveguides dfer an attractive practical solution to trans-
port light through the complicated geometry surround-
ing the fusion reactor. However, they canffen from
serbus radiation-induced optical absorption and radio-
luminescence. Special fabation and ghss hardening
techniqgues must be developed before suitable radiation-
resistance dielectric waveguides can be used in ITER
[11,12].

By switching from pure quasi-optical (QO) beam free
space propagation to ‘miter bensl oversized waveguide
ideology’ for the transmisen line that lies outside port
plug (transmission line that correspond to the straight
line at the Fig.3) we can resolve several obstacles such
as: mode matchirignode conversion, misalignment in the
‘middle part’ of the polarimeter optical path, which will be
very difficult to maintain. From other hand waveguide sys-
tem has precesmode matching (see Figs. 3, 4) (defined by
wavegguide diameter), easy alignment and more robust to
mechanical vibrations. To deliver radiation frdmplasma
each laser beam line is equipped with up to 8 miter-bends,
Fig.5. The conversion losses (CL) per unit are:

A

15
CL= (E) =3.83x107°, dB (7)

To avoid keam power dissipation Gaussian beam must en-
ter the waveguide hawing optimized diameter. The cal-
culation of waveguide transmission ¢beient (according

to [8]) have been done for 48, 57, 113.&

R%)) -
T =(1—exp(—F%)JF !

- €+l L 1 R i i
whereF =1+ Ve1RRR andR, L-waveguide radius and

length, k = 27/A-laser beam wavelengths-radius of the
1/ebeam irtensity level at the waveguide entrance, waveg-
uide material (relative dieleit constant) was chosen such
as: y& = 2.1. The calculation (refeto Fig. 4) shows that
transmission cd@cient walues for 47.6 and 57.2 coupling
into 40 mm diameter waveguide are about@9842 %,
which is 7-8 % higher than that for 1188n. Fromthis
calculation we can concludedahfrom the transmission co-
efficient at least, that beam pragation inside the over-
sized dielectric waveguide have the sanfiiceency as for
the free space propagatiothus, preserves its polariza-
tion (996 %). It was already confirmed by the long-term
operation of FIR interferometer at LHD [7] (acrylic resin
waveguide, length about 40 m) and from several reports on
JET [10] polarimeter diagnostic (pyrex glass waveguide,
length about 30 m) that polarization of the laser beam in
the waveguie remains almost constant.

8
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Fig. 6 General view of the polarimetry retroreflectors mounted

in blanket RH gipper holes.
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Fig. 7 Beam displacement characteristics at corner retroreflec-
tors as a functionfdaser beam channel number.

It was already shown [2, 5] by other research groups
mechanical and optical progis of the corner retroreflec-
tors became ultimately ‘Achilles heel’ of the system. The
positions of the retroreflectors are limited by mechanical
design of blanket shield modules on HFS inner wall. It was
found that for wavelength 118,8n previusly, that CRR
can cope with misalignment up to 15-20 mm in poloidal
plane without any serioudfect on the reflectivity. For the
shorter wavelength those values become twice smaller: up
to 7.5mm (see Fig. 7). Thigives us much more freedom
to cope with beam displacement caused by mechanical vi-
brations and due to refraction in plasma. Present level of
CRR manufaairing could deal with ‘ideal’ sharp corner
to sustain desirable sharpness which is about 5% from the
laser beamvidth.

5. Summary

Recently proposed poloidal high power polarimeter
will operate at47.6um, 57.2um infrared oscillation. The
output power of 57.2m laser is estimated to be over
1.6 W and that of 47.6m is &out 0.8 W. Two color beat
signals are simultzeously detected by a Ge:Ga detector
with success. It was shown that preferable polarimeter-

interferometer configuration will unveil some extra advan-
tages in respect of ‘full-polarimetric’ system. Over years
polarimetry - interferometry was well established tech-
nigues, a lot of experience and scientific data on this sub-
ject. Shorter wavelength laser will significantly improve
(diminish) refraction probles For presenthord align-
ments and beam wavelength caused considerably small
Cotton-Mouton éfect. Alternated waveguide transmission
line (with miter bends included) showed better focusing
and tuning as well as much simple further maintenance.
High power two color beat signals are simultaneously de-
tected by a Ge:Ga detectoit is possible to sippress
fringe jumps and mechanical vibrations. One must say that
real advantage of the Cotton-Mouton polarimeter becomes
clear only in the case when the viewing chords are orien-
tated in the equataal plane, where the poloidal component
of the magetic field By, is zero (puredroidal polarimetry).
There are several problems that we have to address. Under
some plasma condition there is a possibility of coupling
Faraday ad Cotton-Mouton ffects. Small Faraday rota-
tion angle along some central chords suggests that placing
additional beam lines must be done to improve spatial res-
olution of the system.

Promotion of he dielectric waveguide addresses the
issue of theradidion efect on those components. The ap-
propriate additionidshielding’ of the waveguides nowun-
der the consideration. Further research are needed to de-
fine the most adapted materials for dielectric waveguides
for FIR polarimetry [12].
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