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One of the basic strengths of the JET core LIDAR Thomson scattering system (Fig.1)
is its potential to measure electron temperature T, and density n. profiles simultaneously along
the entire line of sight inside the torus. Its spatial resolution of 12cm suffices to resolve the
global profile shape, but does not allow the visualization of small scale structures such as the
narrow edge pedestal area, which has a typical length scale of 2-3cm. Enhancement of the
system’s resolving power can be obtained by applying a deconvolution to each of the signals
from the 6 spectral channels using the system’s instrument function, as has been demonstrated
in [1]. However, the data improvement using this technique has been limited by the necessary
application of a low pass filter H(r) in the deconvolution algorithm in order to keep the
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For example, it has been shown that improvements to both the spatial resolution and the
signal to noise ratio (SNR) can be obtained by replacing the existing detectors with faster and
more sensitive GaAsP detectors [2]. This work has also shown that in addition upgrading the
existing digitizer from a 1GHz bandwidth device with 5GSa/s to a 4 GHz bandwidth, 20GSa/s
will reduce the overall system resolution to a 7cm at a three-fold improvement of the SNR [2].
This would reduce the need for H(r), but still not fully eliminate it.

Further improvements in the deconvolution algorithm are presented here for finer
estimation of the true T, pedestal, assuming a well known filter characteristic H(r). The
approach is intended for application after upgrading the LIDAR receiving system with novel
detectors and digitizers. However, the results presented and discussed here pertain to
preliminary tests of this approach using the present core LIDAR data (spatial sampling step of
3cm). The optimal performance of the algorithm requires a smaller LIDAR data sampling step
<1cm. To this end, we applied an original algorithm [3] for transforming the LIDAR profiles
to a finer spatial step of 1cm. Using this method, time averaged pedestals with a minimum
time resolution of 1s (4 laser shots at 4Hz) can be resolved. Single shot performance can be
achieved after upgrading the core LIDAR hardware without using the method in [3].
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The block-schematic of the performance of this approach (Fig.2) includes two novel
blocks. In block 1, LIDAR profiles are transformed to a 1cm sampling step [3]. Following
this, the convolved and deconvolved T, profiles are retrieved and further used for resolving
the T, pedestal via the optimal algorithm (block 2). This algorithm is the key algorithm here.

The method in block 1 is based on the lack of synchronization between the laser pulse
and the sampling generator, resulting in some time delays within one sampling step of the
acquired profiles with respect to the laser emission. These delays, which contain information
about the fine structure of the LIDAR profiles in the pedestal area, are estimated from the
sampled LIDAR data assuming (for these preliminary test purposes) stationary behavior over

the H-plasma mode. The LIDAR profiles are then subsequently rearranged onto the finer time
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scale, taking into account the above time delays that are preliminary divided into Q groups.
Thus, the new sampling step will be Q-times as small as the former one or dr=1 cm, if Q=3.
The basic parameters of the electron temperature pedestal used here are as follows:

sgggm( )- normalized pedestal shape; A,.q - pedestal amplitude; W, - pedestal width; r,,-

upper pedestal position. The aim here is to create a model of the electron temperature profile

Tvar(r) with variable pedestal parameters. The true T, profile outside the pedestal area is

e

assumed to be identical to the convolved profile T°"(r). As such, the variable profile T, (r)

can be further convolved with H(r), which is preliminarily defined within the deconvolution

[see Eq.1]. The smoothed variable temperature profile is denoted by T,”[r, H(r)]. For each

set of pedestal parameters, the functional F, is then given by the expression:

Fit = Z[Tdcv Var r H( ))] (2)

reped.area

The functional F, has a minimum when T,” (r,H(r)) - T (r). As an estimate of the true

T profile with a range-resolved pedestal, the profile T.(r) with pedestal parameters
corresponding to the minimum of the functional F in (2) may be used. The problem

formulated by (2) provides an optimal estimate of the T profile. By finding the optimal
pedestal parameters, the entire T, profile in the torus over the entire plasma sounding path can
be restored. As a result, the information extracted from the core LIDAR data in the region of
the plasma T, pedestal can be significantly improved.

The results of simulations using the core LIDAR parameters confirm the good
performance of this method at SNRs ~20 that are typical in H-mode, high-triangularity
plasmas. Some example results for T, profiles (averaged over 25 shots) are given in Fig.3
where curve 1 shows the input Te profile and curves 2 and 3 show the convolved and the
deconvolved profiles, respectively. As can be seen, the retrieved estimate of the input profile
(curve 4) is closely coincident with curve 1. Moreover, the convolved by H(r) retrieved
profile (curveb) overlaps well (as can be expected) with curve 3, which corresponds to the
minimum of the functional in (2). The deviations of the retrieved pedestal widths for input
pedestal widths ranging from 1.8cm to ~ 5¢cm are given in Fig.4. It can be seen that the
retrieved pedestal widths vary by + 1cm with respect to the input pedestal widths.

Figs 5(a) and (b) show some preliminary results from the application of this method to
core LIDAR data for JET pulses of different triangularity, together with validated T, profiles
from the JET High Resolution Thomson Scattering (HRTS). The resolved mean T, profiles



37" EPS Conference on Plasma Physics P5.133

3,0

—&— input model E 6 R . O
25 —&—convolved T_profile L, simulations 6
IS = 5
—e—retrieved T_ profile in pedestal area h=d
2,01 ... | —w—convolved by H(r) retrieved profile [l E 4
S \ 3
v 15 7] O
=, g 3 Q g
o
{.
F 10 g s (@}
SNR=20 s Y B 2 )y,
05 = 19 % o
’ AR i
meahn of 25 shots . c 1
» =
0,0 T Q
360 365 3,70 3,75 3,80 385 39 395 4,00 @ 0
distance in torus (step 1cm) © 0 1 2 3 4 5 6
input pedestal width [cm]
Fig.3 Fig.4

using the novel algorithm are presented by curves 2. The curves 1 are the HTRS T, data, while
curves 3 show the fitted curves to the HRTS data. It can be seen that the T, pedestals are well
defined by both the core LIDAR (curve 2) and the HRTS system (curves 1 and 3) T, profiles.
The pedestal shapes retrieved by the novel algorithm also agree well with the fitted HRTS
profiles. The statistics over 15 processed JET pulses displays differences below +1lcm in
estimates of the mean pedestal widths determined by both techniques. Moreover, the pedestal
amplitudes match those from the HRTS fitted data to within +0.2keV. Thus, good

consistency is displayed between the pedestal parameters estimated by both techniques.
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In conclusion, this paper presents a successful approach of resolving the mean T,
pedestal profiles within JET plasmas using data from the core LIDAR diagnostic. Significant
further improvement of this approach should be possible when combined with the upgrades to

the core LIDAR system discussed here, which should enable single shot pedestal analysis.
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