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DTS/LIF integration main drivers  

Vacuum boundary
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Vacuum vessel

Lasers

Spectrometers

In cool and dense plasma the laser wavelength approaches Debye length and distortions of Gauss shape in scattered spectra become obvious

DTS and LIF are both laser aided diagnostics and it seems attractive to use common laser and probing optics – the most 

sophisticated and expensive part of any ITER optical diagnostics. The combined DTS and LIF approaches can simultaneously 

measure a set of electron, ion and atom parameters (Te, ne, Ti, ni and nHe/H/D/T) localized in 24 spatially resolved elements arranged 

nearly parallel to magnetic surfaces. 

SOLPS modelling of detachment requires a detailed knowledge of: 

(a) Rates of electron processes, including rates of ionization, recombination and electron induced radiation, playing an important 

role in cooling and recombination of the divertor plasma flows, 

(b) ion-neutral collisions, being not directly involved in the reduction of the plasma flux to the target but playing three important 

roles in the detachment physics: 

- (1) control effective pressure in the recycling region, with counter-balancing the upstream plasma pressure; 

- (2) cool the plasma down to ∼1 eV and initiate the recombination processes; 

- (3) ‘friction’ switch the plasma flow from free streaming to diffusion, making the residence time of the electrons and ions 

sufficient for recombination. 

Under detachment, the input plasma flux from the upstream core plasma (free streaming) must be: slowing down from free flow 

to slow diffusion; cooling down to ~1 eV and finally recombining. 

Effective volumetric recombination is possible only at plasma temperatures below ~1 eV, and without recombination, each ion 

reaching the divertor plate will transfer ~13.6 eV of the recombination energy in the form of heat. 

There is an unmet demand for diagnostics able to locally determine plasma characteristics for simulating:

- Ionization balance: rates of ionization and recombination (Te ne nHe/H/D/T);

- Emission intensity (Te ne ni nHe/H/D/T);

- Frictional force of the plasma flow due to collisions with neutrals (Ti ni nHe/H/D/T);

- Pressure of the incoming plasma flow (Te ne Ti ni).

Currently…
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(a)  Errors of Te and ne for ne=2 1020 m-3

solid curves – analytical approximation,

crosses – errors (numerical experiment); 

(b)  Errors of Te and ne for Te=0.3 eV

Relative measurement errors of Te :

(a)- for ne=1019 m-3, 

(b)- for ne=5 1019 m-3, which is the minimum density 

(SOLPS run #1514 yielding peak load ~8 MW/m2) 

Dashed line corresponds to divertor temperature 2000 C. 

Continuum background is 5-fold overestimated.

The expected ne and Te errors were assessed using the following algorithm: 

(a) estimation of signals in spectral channels based on the known engineering 

parameters and using TS spectra shape; 

(b) multiple solution (103 runs) of the inverse problem of the recovery of Te and ne

from the TS signals simulated for given ne and Te with allowance for random 

deviations
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LIF in ITER divertor LIQ He II for Ti (see details in GORBUNOV A. et al, Implementation 

of Laser-induced Fluorescence Diagnostics in ITER, SOFT 2018)

ne Te

Measurement of Ti is based on scanning excitation line with a narrowband 

tunable laser and deconvolution of thermal component from entire broadening. 

The transition n = 4 → 5 (1012.3 nm) is chosen for 468.6 nm line quenching 

due to minimal influence of Stark broadening and the expected maximal SNR.
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