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1. Introduction. For the analysis of transport and stability of tokamak plasmas accurate
knowledge of the current density profile and related quantities, such as safety factor and
magnetic shear, is required. Motional Stark effect (MSE) polarimetry, which measures the
internal local poleoidal magnetic field, has become one of the most impartant methods for
the determination of the current density (1, 2, 3]. At ASDEX Upgrade a 10-channel MSE
polerimeter, using the moduiation technique [4] and observing one of the 2.5MW, 65keV
heating beams is under development,

2. Outline of diagnostic. The observation
geometry crucially influences the perfor-
mence of the polarization measurement, At
ASDEX Upgrade the choice was to use
one of four existing heating beamns and to
select one of 16 observation ports located
every 22.5° between the toreidal field coils.
As the heating beams are inclined at 4.9°
to the midplane of the torus, a horizontal
observation geometry could not be real-
ized. For a selected, the three parameters
pitch angle projection factor, spatial reso-
lution, and spectral separation of full and
half energy fractions have to be optimized
simultaneously. An outline of the diag-
nostic with a planar view of the chosen
observation geometry is shown in fig. 1.
The resulting pitch angle projection factor,
given by tan(polarization angle)/ftan(pitch
angle), ranges from 0.40 at the plasma cen- .
trs to 0.75 at the plasma edge. The spatial Fig. 1.: Outline of MSE diagnostic. The
resolution, determined by the angle between polarimeter design is similar 1o that described in [5].
the viewing line and magnetic fleld, where the neutral beam volume intersects the viewing
line, drops from Gem at the plasma centre to 2cm at p=0.3 and rises again to 9em at the
plasma edge. The observation aptics consists of a dielectric mimor followed by four lenses,
which for each of the ten spatial channels images the neutral beam onto six vertically stacked
1mm diameter optical fibres. With a demagnification of 20 this corresponds to a 2cm wide
and 12cm high spot in the plasma covering about 2/3 of the FWHM of the beam. The leas
system exhibits an étendue of QA=2.4x 107%sr m? corresponding to f/1.4 at the fibre side,
which is still below the theoretical limit of the fibres of ff1.

3. Spectral simulation. A spectral sitnulation for the given geometry, taking beam and
viewing line divergence as the main line broadening mechanisms, is shown in fig. 2. The
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o-component of the full energy fraction,
which is to be used for the polarization
measurement, is well separated from the
m-component of the half energy fraction,
which is the prime condition for a large po-
larizetion fraction at the o-wavelength. In
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4. Faraday rotation. Faraday rotation in the MSE polarimeter, induced by the tokamak
magnetic field, causes an offset in the polarization measuremeni, As suggested in [5], the use
of Schott SFL6 glass with a Verdet constant of zero reduces the Faraday rotation significantly.
For components not made of SFL6, such as the vacuum window or PEMs, a half wave plate
positioned between the optical elements, so that the Faraday rotation angles before and after
the half wave plate are equal, eliminates the net Faraday rotation. The condition of equal
Faraday rotation angles means that in an inhomogeneous magnetic field B(x) using materials
with different Verdet constants V(x) the integral along the optical axis [ B(z)V(z)dx has to
be the same before and after the half wave plate.
5. Influence of mirror. The use of a mir-
ror is required, because a tangential access
for the beam observation is not available.
The polarization properties of the mirror,
however, introduce a systeratic error into

Fig. 2.: Spectral simulation of Doppler
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is deduced only from the ratio of the in- Fig. 3.. Systematic error introduced by a mirror
: : : : (pp=0.993, 8,—6,=13"} as a function of

tensity modulsftlon amphtuf:[es at ewice f.he polarization angle.. The systematic error increases

PEM frequencies (dashed lines) and (2) in with decreasing polarization fraction py.

addition the phase shift is reconstructed from the modulation amplitude at the single PEM
frequency (solid lines), It can be seen that for a horizontal viewing geometry, where the
polarization angle of the #-component is close to the mirror p-polarization, the systematic
error approaches zero, At ASDEX Upgrade, however, due to the non-horizontal viewing
geometry the polarization angle lies in the vicinity of 67° (shaded area), which requires
corrections to the phase shift in order to minimize the systematic error.

6. Current profile identification using MSE, To quantify the expected improvement in
determining j( R, z) with MSE measurements, a sensitivity study has been carried out using
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a database of 1100 ideal MHD equilibria with 21 degrees of freedom, including [, B,
10 active and 2 passive poloidal field coil currents, and (with I scaled out) a 7-parameter
ji = Bp'(4) + FF'(¢)/{ps R) profile family given by (with 1 the normalized poloidal flux)

) x 9o exo {Bp(1~ ) + ol - )7}

where ap, bp,cp are randomly chosen for each p’(vf;) profile, apr, bpp, crp specify the
FF'(y) profile, and the 7th parameter determines f,,;. Reversed shear and edge pedestal
profiles are easily generated with this family, and the wide range of current profiles in the
database satisfies 0.5 < I, <2MA, 1 < By < 4T, 0 < By < 2, 0.5 < 3 < 2,05 < g5 < 4,

2 < o5 < 6, and reversed shear characterized by 1 < qo/gmin < 4.

6.1. Database Detgils. For cach equilib-
rium in the database, all diagnostic data re-
quired for the study are calculated using the
correct experimental geometry. These in-
clude 36 magnetic flux and fleld probes and
10 MSE channels. To gauge the useful-
ness of the MSE diagnostic compared to its
main alternative, namely Faraday Rotation
(FR) polarimetry (not to be confused with
the nuisance effect of FR on the MSE mea-
surements as outlined earlier), a hypothetical
FR diagnostic on ASDEX Upgrade using the
geometry of the 8-channel DCN (195 um)
interferometer is also simulated. For this
purpose, a randomly generated n,(¥) pro-
file, chosen from & 5-parameter family, is
assigned to each equilibrium and the differ-
entizl ggnation describing the change in po-

larization along the beam path is integrated Fig. 4.. ASDEX Upgrade equilibrium fine
surfaces. Shaded box near mid-plane

pumerically so that Cotton Mquton effects indicates area spanned by 10 MSE channels.
are fully aecounted for in the simulated FR Geometry of 8 DCN channels is shown by
measurements. Both MSE and FR geome- straight lines criss-crossing the flux surfaces.

tries are shown in Fig. 4 and for the present databasé these yield angles with typical
magnitudes of 5° for MSE and 8° for FR.

6.2. Tdentification Algorithm Starting from a baseline set of 36 equilibrivm magnetic
measurements and By, j{ A, z) identification representative of the entire database is monitored
as MSE channels are progressively added to the baseline set. This is accomplished using
the method of Function Parameterization [6] where here the current profile is regressed as a
second degree polynomial whose arguments are B;+16 principal components of the external
magnetic measurements augmented by the MSE data. For the FR study, the MSE channels
are replaced by the FR data consisting of two signals per channel, namely the line-integrated
glectron density and the rotation angle. The root mean squared errors (rmse) from the
regressions are a measure of the recoverability of the current profile. For MSE, the finite
spatial resolution of the viewing geometry (the horizontal resolution varies between 2 and 8
cm; the vertical resolution is 12 cm) is taken into account. For hoth MSE and FR, simulated
measurement noise chosen from a uniform distribution in the range +d° is added to the
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“measured” angles. A sequence of nms was made with different values of d to determine
the degradation of the recovery with inereasing d.

6.3. Results. Fig. 5 shows 2xrmse, ie. ~
95% confidence bands for j{r, z} {where r =
(R — R,)/a is a purely geometric quantity)
identification along the z = zmayg. agis plane
(which spanned the range 0 < 2mag.asis <
0.2m in the database) where both sets of
data were perturbed by the experimentally
expected noise level of £0.2°. To facili-
tate the MSE/FR comparison, the outar two
MBSE channels were not used in fhis analysis.
There is little to distinguish MSE and FR in
the range .5 < |r| < 1. Near the plasma
centre, however, the MSE identification is
clearly better. For j{r = 0, Zmag), the error
reduction factor with respect to the baseline
model is 4.2 for MSE, 3.1 for FR. The cor-
responding factors for j(r = 0.9, Zmay) are
1.7 and 1.55. The localized nature of MSE
may explain its supericrity over FR at the
plasma centre. Fig. 6 shows the effect of
noise on the rms regression emors for the
reversed shear indicator go/gmin. The rmse
is trended for the cases of 3, & and all (2 for
MBSE, 8 for FR) channels included in the re-
gressions (the point at infinity corresponds
to the magnetics-only regression). As ex-
pected from their typical magnitudes (sce
6.1.), the MSE measurements are more semn-
sitive to noise than FR, although at a level of
#+0.2° MSE is much more accurate thaa FR.
Note the FR errors tend to reach a platean,
This was found to be due to the topological
information present in the [ n, dl measure-
ments, which were unperturbed by noise.
6.4. Summary. Provided the experimental
variation in j(r, 2) is described by the profile
family used here, MSE is expected to reduce
the uncertainty in j(r, ) relative to a mag-
netics-only identification by a factor of =~ 4
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