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1. Introduction

A PEM (Photo Elastic Modulator) based polarimetric
motional Stark effect (MSE) system is under
development for the KSTAR tokamak [1]. The
conceptual design is almost complete for the optics
design, the filter selection, and the number of channels
(spatial resolution and coverage). Specification of the
hardware for photo-detecting and digitizing electronics
has almost complete as well and many of them are ready
for procurement. The main collaboration party is
Eindhoven University of Technology in the Netherlands,
whose main responsibilities include the development of
filter module design and off-line & real-time analysis
schemes along with overall consultations. The
following sections describe some major parts of the
design progress.

Table I: Problem Description

" Ar/a (% Number of

Machile min ah rzmax channels
ITER 2.5 8 20
JET 2 6 25
JT-60U 8 10 16
15T 38 23 10
3157 15 15 16
e BT 8 11 8

45T, 195TU <15 8 9, 16

NSTX 3 5 12
C-Mod 10 40 10
MAST 5 5 35
KSTAR 2 6* 30

2. Spatial and time resolutions

The ITER MSE requirements specify the radial
resolution of Ar/a ~ 5% with 20 channels in order to
obtain reasonable q profiles for NTM feedback (q = 1.5,
2) and reversed shear control [2]. Keeping this number
in mind, Table 1 summarizes and compares the radial
resolution of the MSE system for various machines
around the world. The radial resolution becomes poorer
rapidly as the view passes through the magnetic axis and
goes inward as shown in Figure 1, where the point-
spread-function, or the radial resolution, calculated from
the emission profiles of the MSE lines of sight across
the beam and projected onto the major-radius axis is
shown. The actual radial resolution ranges from 1 to 2
cm over most of the MSE coverage (R = 1.74 — 2.28 m)
except for one innermost channel or two (about 3 cm).

Nonetheless, we would like to cover at least 10 ~ 20 %
minor radius inside the magnetic axis to explicitly and
directly measure the safety factor on the magnetic axis,
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Fig. 1. Point-spread-function, or radial resolution for the three
ion sources from NBII as a function of major radius.

Theoretically, MSE time resolution is limited by the
PEM fundamental frequencies (~ 20 kHz). Practically,
however, it is limited by the amount of photons from the
beam emission. This is typically several tens of msec.
The MSE systems using high power heating beams have
very high measurement speed. The DIII-D MSE, for
instance, is able to measure the magnetic fluctuation
associated with a resistive wall mode rotated by internal
coils at 20 Hz in its normal operation mode [3]. The
typical H-mode energy confinement time in KSTAR is
about 100 msec, and the current relaxation time in
KSTAR = 1.4a’Te '* (keV)/Zeff ~ 1.4 x (0.5)* x 1.8 x
2 /2~ 1 sec [4]. The real time equilibrium
reconstruction planned for KSTAR discharges can
tolerate as low as 50 Hz. These three time scales seem
to make ~ 10 msec time integration of the KSTAR MSE
signals reasonable.

3. Design of front optics
There are several challenging issues in designing the

front optics that collect the light after the vacuum
window at the midplane M-port of the KSTAR tokamak.
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The most difficult one is to share the collection optics
with another diagnostic system, Charge Exchange
Spectroscopy (CES) in a ‘cassette’ structure inserted
into the port. The CES utilizes the Doppler shifted
Carbon line emissions around 550 nm to measure the
temperature (Doppler broadening), velocity (Doppler
shift), and density (the amount of emission) of the
Carbon impurity in the plasma. This diagnostic has
occupied the midplane M-port for several years,
producing good data. By adding the photo-elastic
modulator and a polarizer, the attenuation of the input
light can take place. To avoid the degradation of the
CES signal strength, a dichroic beam splitter that
transmits the light below 600 nm for CES and reflects
the light above 600 nm for MSE. Figure 2 illustrates
this splitting of the signals in the 3D layout of the front
optics model.
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Fig. 2. 3D model of the MSE front optics installed in the M-
port cassette.

The polarization properties of polarized light, when
reflected, can be changed. The P- and S-polarization
components with respect to the plane of incidence have
their own phase and reflectivity and their response to
the reflection are different to each other. Normal
reflectors would cause more than a few degrees of error
in the pitch angle measurements. Therefore, it is critical
to minimize the relative phase shift (close to 0° or 180°)
and reflectivity (close to 1) between the P- and S-
polarizations at the wavelength of interest (~ 650 nm)
and angles of incidence (35 - 55° at the mirror and 40 -
50° at the beam splitter). This ‘extreme’ performance
can be achieved by a special dielectric coating using ion
beam sputtering technology. Figure 3 shows such a

performance for the mirror and the beam splitter
suggested by the vendor (MLD Tech, USA). It is
expected that for the MSE wavelengths and angles-of-
incidence, the S/P reflectance ratio is 1 + 0.1% and the
phase difference is within 5°. Large deviations with
angles-of-incidence outside the operation range (dashed
lines in Figure 3) indicate how extreme and difficult
such a phase-control coating design is.
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Fig. 3. Designed performance of the mirror and the beam
splitter.

4. Design of filter modules

3D MSE stokes-vector simulations have been tuned
to match the MSE spectra measured in KSTAR and
used to design the band-pass filters. From these
simulations, 0.4-nm 2-cavity interference filters have
been chosen to minimize pitch angle errors. Figure 4
shows an example of the MSE spectrum calculated from
the simulation that is compared with the measured
spectrum. Also shown in Figure 4 are the possible pass-
band (shaded in green) of the spectrum where the red-
most shifted polarization component (+4m) is chosen,
the pitch angles and their errors. Due to the overlap of
the spectra among ion sources, the second ion source of
NBI1 (NBI1-2) should operate at about 15% lower
voltage than that of the first ion source (NBII-1). An
example of this overlap in the spectrum and the large
error in pitch angle it causes is shown in Figure 5.
Pass-band control by the filter-angle tuning is under
development to fully cover most of the KSTAR plasmas
which include Ip = 0.5 ~1 MA, Bt=1.5~3.5 T, and
the beam energy (for the ion source 1 from NBI1) = 70
~ 100 keV. Motorized rotation stages will be used for
this purpose. There is a standard client tool available to
control the motor angle using the engine controller.
However, custom software has been implemented to
tune the filter, using the available ActiveX component.
With the new customized control, it is possible to tune
the filter according to its central wavelength and not to
its angle, which is necessary for the MSE diagnostic.
The accuracy obtained is in the order of 0.5 % and
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compatible with the MSE requirement. The software
also allows sequences creation, which consists of
executing a series of a predefined central wavelength
and a corresponding time delay. One PC can control 5
controller hubs each of which can accommodate up to 6
rotational stage/controller sets, resulting in the
maximum 30 sets.
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Fig. 4. (TOP) Comparison of simulated and measured
beam emission spectra from the first source of NBI1 (80
keV). (MIDDLE) Corresponding polarization angle
spectrum. (BOTTOM) The systematic deviation of the
polarization angle.
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Fig. 5. (TOP) Comparison of simulated and measured
beam emission spectra from NBI1-1 (80 keV) and
NBI1-2 (90 keV). (MIDDLE) Corresponding
polarization angle spectrum. (BOTTOM) The
systematic deviation of the polarization angle.
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