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1. Introduction. The Thomson Scattering (TS) diagnostics of higittebn temperature

Te in the core plasma in tokamak reactors (ITER B&#O) has to operate in a limited
spectral range of a strongly broadened TS spectnch allow for possible deviation of
electron velocity distribution function (VDF) from Maxwellian under condition of a strong
auxiliary heating. The analysis [1] of opportursti® enhance the accuracy of the core plasma
TS diagnostics suggested the use of several pratanglengths to be able to interpret the TS
data with allowance for possible deviation from aaxXWellian VDF in the range of
weakly/moderate superthermal energy, with accodrdava for higher energy from other
diagnostics (e.g., from that suggested in [2]).

Here we analyze the advantages of using two prolengglengths for the core plasma
TS diagnostics for Maxwellian and non-Maxwelliamgrhas via solving an inverse problem
for error assessment. This includes evaluatiom@fpossibility to recover (i) Te up to 40 keV
from visible light spectral range ~500-900 nm aidrhoderate anisotropy of the VDF in
electron pitch angles in the weakly/moderate stieenial energy range. A particular example
of the ITER core plasma TS system design is consiti®r a test of suggested approach, and
a comparative analysis of conservative and advaapptbaches is given.

2. Algorithm of error assessment. The algorithm to assess the measurement error
should be formulated in the frame of a synthetmgdbstics. Such a diagnostic generates
“phantom” experimental data and allows direct congo@ of the pristine (i.e. taken as
known, “assumed”) and the recovered values of disgd parameters. The number of
photoelectrons in a given spectral channel duehtwmson scattering is as follows:
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where X =A/A,-1; AXJ- is the spectral width of the j-th channglandA, , the wavelength

of scattered and probing radiatiok; ., laser pulse energy)x .., the length of a radiating
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cylinder viewed by the detector (“scattering lerigth n,, electron density;

AQ | =4S, (1 )2, whereAS ; is the area of the pupil, and the vectors stand

pupil emis pp i

for the coordinate of the radiating cylinder ané ghupil; r, is electron classical radiust,
and n, directions of incident and scattered ligks; and e, polarization vectors of incident

and scattered light, the factafsallow for the properties of optical system. Themalized

cross-sectiow of the Thomson scattering is averaged over thenassd model VDF:
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where f,.,, is relativistic Maxwellian distribution;p, and p, are the components of

momentum p, respectively, parallel and perpendicular to locahgnetic field; Cpoy,

normalization factor (in momentum spacé),, , total fraction of superthermal electrons. The

background signal is assumed to be measured ipaaae time window of similar duration.
Different lasers are assumed to act in differentveuy close time instants. The algorithm of
error assessment is as follows.

1. The assumed number of laser-produced photoetectil) is calculated for each spectral

channel and each laser for a set of assumed vabfesunknown parameters,

Eoccum™ {Tass”m T, T, ass”’ﬁjf””} for the VDF (3),(4), or for a set of values of

ell

Sassum™= {Tass‘"“ ass“”} for a Maxwellian VDF.

2. The phantom experimental spectrum is generatadlytimes to allow for the quantum

noise of detector and amplifier in the both meas@m@s, with and without laser scattering.

The residual of totall N\’ | . and background[N{, ] . Signal in each spectral

channel is calculated with a proper randomizatiBor [N“)

ph- eI:I >>1, one can take a

Gaussian  with  the average[NE,L)_eJLaSer and the mean square deviation

\/N(J) +2|:N(Fjr3_elj|8ackgr+Z[J?}Ampl’ where [Jj]Ampl describes the noise of

ph-el J
amplifier.
3. To recover the parameters under seafch{T T, Ts, ne,é'Hot} and evaluate the error of

ell’

their recovery, one has to solve many times thievi@hg inverse problem, a minimization of
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the difference between the “phantom” experimergaki-scattering signal and the respective

variable calculated signal:

SN ] (N ) (N 60] [0 5 min

where summation goes over various lasers and spebtnnels. The accuracy of recovery of

Random

the value of parametds is defined as an average of the normalized meaarsgdeviation

from the assumed value Bfover statistical distribution of the recoveredued ofB:

Acq B*m) = 2.5[<( B/ B *m :I)Z>T/2 . (6)

The factor 2.5 in (6) corresponds to 98% probapilit find the value ofB in the range
{Bem -2558, B **™% 2508 , 5B= ( (B- =" §)1”.

We present the results for 200 runs of solvingitiverse problem for the following input
parameters which are considered in the ongoingysisabf the core plasma TS system in
ITER: various combinations of two lasers witl, =1064 nm andA,, =1320 nm; Ej s = 4 J
(the same for all lasers);, =0.3[0.700.8= 0.16 is the total transmission factor of optical
system (a flat efficiency of 30% for the collectioptics, a 70% packing efficiency for the
fiber bundles, a 80% optical efficiency of the dgpameters); the quantum detector sensitivity,
1, is taken to have the APDs spectral sensitivkg khe Excelitas C30956EH in the range
above 650 nm and like the Hamamatsu S8664 in thgerdbelow 650 nm; the fibers

transmission factorp,, , is taken as that of typical anhydro silica-silitaer, 30 m long;

o ]Ampl =50, Ax, =0.07m, AQ__, =1.38x 10° sr. The angle betweem, andn is taken

pupi
159.5 that corresponds to observation of the plasmanwoleenter; linear polarization
vectorse, ande coincide and are perpendicular to scattering pl&he background signal is
formed by the direct signal from plasma Bremsstmaf)l along the line of sight and the
reflected-from-the-wall light which is determiney the line radiation emitted in divertor (the

background signal data are provided in [3]). We u#e notations: B=(B),

0B=[((B-B)?)] T, =2<E,>/3, E,=mé («/( Mm@+ 1- ])

The measurement of a high temperature, ~40 keVeruoonventional assumption of a
Maxwellian VDF appears to be not sensitive to diferation of wavelength whereas for the

reconstruction of a more complicated VDF, with &4dl@raction of an anisotropic quasi-
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Maxwellian VDF of moderate superthermal energy, ¢ras an increase of accuracy of

measuring the effective temperature (mean eneaflyJ éble 1).

Table 1. Measurement error for parameirevaluatedunder assumption of the VDF in the form (3), (4).

= 2 Lasers, 2 Lasers, 2 Lasers,
£ 1064 nm 1064 nm, 1320 nm 1320 nm

B 2 Acc Acc Acc
™ B B

AB | (B), | JB B AB | (B), | B AB | (B), | 0B
% % %

Te, keV 10 | 99 | 0.2 6 03| 99 | 03 7 03| 99| 03 7 0.3
Te, keV 15 | 17 8 140 | 8 18 9 150 | 9 18 | 10 | 170 | 10

3| Tokev 125 18| 4 3| 4] 12 [ 3|6 | 312|353
S| n, 10°m® | 3.00/301]002] 2 |0.02| 301 [003] 3 [0.03/3.01/0.04| 3 |0.04
ot 0.05| 0.07 | 0.05| 280 | 0.06| 0.07 | 0.07 | 400 | 0.08| 0.07 | 0.06 | 330 | 0.07

Ter keV | 10.4] 105 03 | 7 | 03| 106 | 05| 11 | 0.5 | 10.6| 0.4 | 10 | 0.4
Tokev | 40 | 38 | 3 | 19 | 3 39 2 | 12| 2 [393| 17| 11 | 1.8

Te keV | 60 | 58 | 11 | 46 | 11 | 58 | 10 | 43 | 10 | 58 | 10 | 41 | 10

3| T..kev |50 53| 15| 77 [ 15| 52 |12 |63 | 12|52 | 10| 58 | 1
Q[ n, 10°m® | 3.00| 3.02{ 0.05| 5 |0.06| 3.01 |0.04] 4 |[0.05/3.01/004| 4 |0.04

Orior 0.10| 0.21| 0.19| 550 | 0.22| 0.15 | 0.13| 340 | 0.14| 0.14 | 0.09 | 240 | 0.10
Terr, keV 45 | 47 3 16 3 460 | 1.6 | 10 | 1.9 |45.7| 1.2 8 1.4

Note that the high error of recovering the paramsetehich describe particular type of the

deviation from a Maxwellian (especially, parameggy), does not influence the accuracy of

recovering the mean energy of the non-MaxwellianFVDhus, the inverse problem solution
is stable with respect to recovery of the mean ggneegardless of particular form of the
deviation from a Maxwellian in the thermal and wgakuperthermal range of electron
energy.

3. Conclusions. The opportunity to enhance the accuracy of the ptaisma Thomson

Scattering diagnostics in tokamak reactors via gisthe lasers with two different
wavelengths, against conventional use of one wagéhe is tested on the example close to
the planning ITER diagnostics. The results illustithe trend towards increasing the accuracy
with increasing range of Te measurements.

The views and opinions expressed herein do notssacdéy reflect those of the ITER

Organization.
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