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(as indicated below the horizontal axis of the figure). The phase shift
AD/Af is evaluated from the minima for each freguency band and fitted to a
unique curve as shown in
(a) Fig.2{a); the curve exhibits
oscillations that result
from the plasma density
fluctuations. The
4 corresponding density
profile is shown Lin Fig.
2(b); the data from both HCN
(- - -) and YAG (o) lasers
is also presented.
Several numerical analysis
techniques were developed in
4 order to smoothing and/or
filtering the perturbations
/6/. These techniques aim
at obtaining the
nondisturbed density
;, 1 profile. Figure 3 shows the
profile of shot 27328 after
smoothing (a); it can be
seen that the shape (Fig.2b)
! has not been changed. In
ey e —pm — - Fig.3 it is also plotted (b)
F (GHz) the profile concerning shot
Fig., 1: Output signal of the K band 2729% . (Lo,
reflectometer obtained (aj during ASDEX ne-1.3*107cm ), in order
shot 27328 (1100 ms - 1102 ms), and (by O illustrate the wide range
before the plasma discharge. of densities measured with
the reflectometric system.

The influence of the non-measured part of the phase shift curve (below

Fy=18 GHz) on the evaluation of the profiles was studied, by assuming
different profile shapes between XO(ne=0) and the £first reflecting layer
XL(Fy ). The study showed that the shape of the nonmeasured part of the
pedestal affects mainly: (i) the outer part ( 4X g 1 cm) of the evaluated
density profiles, (10-20%); (ii) profiles concerning high density plasmas
(e> 3x10™ em™? ).
Two similar shots, 27327 and 27328, (with the plasma radially displaced by
1.7 cm), were analyzed; a linear shape for the pedestal was considered.
The measured density profiles for ne < 2°10" cm™®, are presented 1in Fig.
4. The radial shift of ~ 1.7 cm between the two profiles is recovered,
showing both the validity of the assumed linear shape for this case, (from
the point of wview of profile evaluation), and the accuracy of the
reflectometric system in measuring radial movements of the plasma.

In some situations significant modifications of the plasma reflected
waves are observed. An example is presented in Fig. 5, for shot 29285
when a m=2 tearing mode is present. The output signal of the Ka band
reflectometer shows both amplitude and phase modulations due to the
rotating (f,,) mode (Fig.5). The period of the mocdulations can be
determined, namely from the time interval At = 700 us between two beat
frequency maxima, as indicated in Fig.5; the mode frequency can be
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~At™'~1.4 kHz, this beeing in agreement with the
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therefore give the time scale of
localized modifications of the profile occuring during the 2 ms

example is done in an accompanying paper /7/
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Fig. 2: (a) Phase shift curve including the phase information from the

three reflectometers,

ng (1013 cm-3)

with

the minima obtained from raw data, for shot
27328; (b) density profile evaluated from phase shift curve (a).
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Fig.3: Density profiles for shots
(a) 27328 (t=1100 ms), after
smoothing of the phase
characteristic, and (b) 27294
(t=1100 ms), direct from raw-data
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Fig, 4: Density profiles (K and
Ka bands), for shots 27327 (Ro =

164.9 cm) and 27328 (Ro
cm), at t = 1300 ms.
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3 - Concluding remarks

The ASDEX reflectometric system had started swept-frequency operation
by mid-December 1988. The analysis of the broad band data reveal that the
difficulty of profile evaluation comes from the errors in the phase shift
resulting from the plasma density fluctuations. Nonlinear stochastic
numerical filters have been develloped (now being tested) that may provide
a useful tool for routine evaluation of the data, for situations whers the
reflectometric signals are strongly disturbed by the plasma fluctuations.

Fixed frequency measurements (homodynic detection) were carried out
and the study of plasma density fluctuations, based both on fixed and
broadband experimental results, was initiated. A new heterodynic detection
is beeing developed that will allow more sensitive measurement of plasma
density fluctuations.

The reflectometric system was upgraded during the summer 1989 shutdown
of ASDEX by installing three new reflectometers, aiming at fixed-frequency
correlation reflectometric measurements; experiments have started recently.
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Tangential Soft X-Ray/VUV Tomography on COMPASS-C

R.D. Durst, P.G, Carolan, B, Parham, the COMPASS Group

AEA Fusion/Euratom Association
Culham Laboratory, England

The COMPASS Tangential Soft X-Ray Camera (TAN SOX)

This diagnostic exploits toroidal symmetry to tomographically reconstruct soft x-ray or
VUV emissivity contours from a tangential view of the plasma [1,23]. A 0.4 mm pinhole
images the plasma onto a P-11 (ZnS:Ag) scintillator screen [3]. Between the pinhole and this
screen is a filter wheel with two soft x-ray edge filters (1 keV and 2 keV) and two VUV filters
(10 eV and a 140 nm, 10 nm FWHM interference filter). The efficiency of the system peaks at
3-4 keV and decreases monotonically thereafter so that the effective energy range lies between
a selected filter edge to about 15 keV,

The phosphor screen is fiber optically coupled to a Microchannel Plate (MCP) intensified
photodiode camera. The camera has a resolution of 128x128 pixels and a maximum framing
rate of 330 Hz. The MCP gain is externally controllable from 10* - 10° and can be gated down
to 5 nsec.

The camera control and data acquisition are managed by an IBM AT compatible PC
which is linked to the camera via fiber optics. An add-in hoard containing an Intel 8253
programmable timer provides the camera with the frame timing (synchronized to the plasma
tp) and the MCP gate commands. This board also controls the MCP gain.

The video data is sent to the PC via a 50 MHz analog optical link and is digitized by
a frame grabber board (Data Translation 2861). The frame grabber has sufficient on-board
memory to acquire up to 256 frames per shot and is coupled to a fast (8 MFLOPS) array
processor (DT7020) which is used to tomographically invert some of the raw data.

Because of the very large amounts of data that this diagnostic can generate (up to 4 MB per
shot, though the typical data load is presently < | MB) on-line data compression is used before
the data is stored in the main COMPASS data archive. Differential run length compression [4]
is used which results in a compression factor of about 4 with no loss of information content. The
raw data is compressed by the PC processor at 30 sec/MB and then sent to the data archive
on the main COMPASS VAX via Ethernet. The PC-VAX link is controlled by Digital’s PCSA
software which allows the PC to directly access VMS files.

The techniques used for the tomographic reconstructions are Maximum Entropy [5] and
Bayesian Regularized Least Squares Optimization [6]. The two techniques produce similar
results though the latter is preferred for on-line processing because of its greater speed. Using
this algorithm a 32x32 pixel inversion typically takes 10-15 seconds to converge. Thus, several
images may be reconstructed between shots.

Further details on the system and the inversion techniques used will be presented in [7].

Results from Ohmic Discharges

Figure 1 shows reconstructions of two typical COMPASS discharges. Parameters
for these shots were, respectively, 100 kA, 1.0 T, 1.7x10'm~? and 100 kA, 1.2 T,
1.7x10"*m~2. The frame times were, respectively, 13 and 14 msec while the filters were
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