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1. Introduction. Profiles of the plasma electron temperatdieand density & are
routinely determined on JET with the LIDAR Thomson scattering (TS) s§tedilthough
the system is robust and produces data fbiplasma discharges independent of plasma
parameters (e.g. field, current, density) the signal to noise performance is below modern
expectations. The approach used so farffoand » measurement is based on log-linear or
non-linear fit of the experimentally-obtained, relativistically-thermalyadened lidar-return
spectra to the correspondirtheoretical expression. Rednwe developed two novel
complimentary approaches for determination 7@f on the basis of an analysis of the
relativistic TS spectrum and estimatedalytically their potential accuraciés The methods
are based on the unambiguous temperature dependence, respectively, of the “center-of-mass
wavelength” (CMW) of the LIDAR-reirn spectrum and of thetia of the signal powers of
two spectral regions. The main purpose of the presenmk we to perform thorough
simulations of the determination of electron temperature by the CMW method and to estimate
accurately the measurememtor as a function dfe and the signal-to-noise ratio (SNR).

2. Theoretical background. The simulations performed are based on reproducing
statistically realizations of the TS LIDARtten signal and the parasitic background plasma
light. If we considerM receiving spectral channels with wavelength intervalgyHsay
(k=1,...,M) (see Fig.1), the mean return signal in eatkthem, in number of photoelectrons
per second, can be written as
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Ai and /s are the wavelengths of the emitted and the backscattered radiét)as,the line of

sight (LOS) position of the scatteringplume corresponding to the momerafter the pulse
emission,\p is number of photons ithe sensing laser puls&Q[(R(?)] is the solid angle of

collection,vi(R)=[2ks To(R)/m< s the rms thermal velocity of the electroms,is the electron
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rest mass, rp is the classical electron radius,

K, (ﬂi ) /15) =K(A)KA(A)KAA)EQE(A) Al Aiy - Ki(A3) and
K/(4s) are the optical transmittances of the
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Fig.1. Thomson backscattering spectrum at
A;=694 nm. The receiving spectral intervals used

receiver filter spectral characteristic, EQFE(As) is

detection, 7(As,R) is the receiving efficiency

in the simulations are also shown. including in general the vignetting effect,
Bty iy (= (1,270 108 iR Guta) T f 2et
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5(q) = 2¢9[E4(q) —3E5(9)], q(R) =m,c?(JA, 1 A, +A;12,)1 [2kzT,(R)], and E,(qg) is the exponential
integral of the n-th order. The parasitic background due to plasma light penetrating into the

k-th receiving spectral channel is characterized by the following photoelectron ratel®!:
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where E is the detector’s etendue and the quantities kg7 and &c/ A, are in eV. The center-of-

mass wavelength Acy is defined as

ﬂcmz{zﬂkaJ/[szjzf(Te) ) (3)

where 4=(A1+4s21)/2. The unambiguous dependence of Aqy on the electron temperature (see
also Fig.1) is the essence of the method. The linear error propagation approach leads to the

following expression of the rms error oT¢ in the determination of 7. on the basis of the

dependence Acy = f(Te):
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Here z, is the system response time.
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3. Simulations and discussion. The fusion plasma is supposed to occupy the LOS region
between R=2 m and R=4 m. The sensing laser emits 300 ps long pulses of energy £,=0.6 J at
Ai=694 nm. The solid angle of collection is from 0.005 sr, at R=2 m, to 0.007 sr at R=4 m.
The detectors have diameters of 18 mm, the F# of detection is 1.5 and the corresponding
value of detector’s etendue is ~0.9 cm?sr. EQE are 0.005 for channel 1 and 0.015 for the other
channels (see Fig.1). The irradiating and collecting paths transmittances are 0.75 and 0.25,

respectively. The vignetting factor is estimated to be 0.33. The accepted values of z; and the



36th EPS 2009; T.Dreischuh et al. : Statistical modeling of the error in the determination of the electron tem... 30f4

sampling interval are 800 ps and 250 ps, respectively. The described characteristic parameters
are chosen to be close to those of the JET core TS LIDAR system.

The radial (LOS) distributions of T, and n. are modeled as parabolic ones. First, the
reference function Acu(7:) is determined on the basis of the temperature dependence of the TS
spectrum. The dependence of the relative rms error & 7:(7e)=0Te(Te)/Te on the plasma electron
temperature is analyzed on the basis of the results obtained at a fixed LOS position in the
plasma. In this case T, is varied with a step A7:=0.1 keV. At known mean values Ny(7:) z; and

Now(Te) 72, by Poisson random-number generator we produce H realizations N (T,)r, and
N.. (T.)r, of the TS signal and the background photon counts, /=1...H. Afterwards we
compose the quantities N.(T.,)r, +NL (T,)r, =Ny (T,)z, to use them, together with the

reference function Acu(7%), for obtaining H estimates T’ of T.. Then, an estimate o7, of the

e

1/2
measurement error is obtainable as 4T, { ‘1Z(T’ -T,) 1 . Monte-Carlo estimates of &7,

at different values of n. (in fact, at different SNR), are compared in Fig.2 with the theoretical
estimates obtained by Eq.(4) at R=3m. The error behavior is obviously consistent with that
predicted analytically. Certainly, for lower values of n. we obtain higher values of &7.. In
Fig.2 we have taken into account that the values of 7.=1x10"° m™ are typical of the pedestal
region where 7t is normally low. In Fig.3 the recovered temperature values from different

realizations for 7.=5 keV are shown.
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Fig.2. Comparison of the theoretically estimated Fig.3. Recovered T, values in the case of one
relative rms errors and the results from the simulations. temperature Monte-Carlo simulations.

In Fig.4 we present one restored LOS profile of T; (at 7e=3x10* m™) compared with the
model distribution shown by the middle curve. In this case the fluctuating LOS profiles of the
TS signal and plasma light background for each of the spectral channels are determined as
above. The upper and lower curves denote the standard deviation limits in obtaining 7. As
seen, the retrieved points fit well in this interval.

4. JET data processing. The theoretical estimates of the rms error show that the CMW

approach has a comparable accuracy with the fitting approach®. To prove this, we applied the
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Fig.4. Input and restored electron temperature profiles.
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CMW method to the same JET core LIDAR data as used in the intershot analysis code for
determination of T, taking into account the real characteristics of the TS LIDAR system. The
results obtained (Fig.5b) are compared with that determined on JET using the fitting
procedure (Fig.5a). The shapes and magnitudes of both 7, profiles are similar and the reasons
of some discrepancy should be further clarified.
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Fig.5. Electron temperature profiles determined using the fitting approach on JET (a) and CMW approach (b).
5. Conclusion. The reported simulations provide the authentic error in the determination

of T, in fusion plasma by the novel CMW TS LIDAR approach, depending on the temperature
itself and SNR. The results obtained are consistent with the theoretical estimates and thus
confirm the conclusion®® that this approach and the fitting one have comparable efficiencies
and can be used together for mutually validating the results obtained for 7, and for
distinguishing real inhomogeneities in the recovered T, profiles from spurious ones due to
statistical fluctuations. This conclusion is also in agreement with the performed JET data
processing using both the CMW and the fitting approaches. Because of some practical
advantages, such as simple, clear and stable measurement procedures, without any additional
considerations about the weight and the variance of the experimental data and the goodness of
the fit, the new CMW approach is suitable for accurate determination of 7, profiles in
tokamak plasmal®.
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