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DTS/LIF integration main drivers T : Gl il E
DTS and LIF are both laser aided diagnostics and it seems attractive to use common laser and probing optics — the most | gL “ s iy
I —H SPE oters

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 (T, n,, T;, n; and n..,.p7) l0calized 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) 1on-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:

- lonization balance: rates of ionization and recombination (T, Ng Nye/ryo/T);
- Emission intensity (T, N, N; Nyejmorm); line

- Frictional force of the plasma flow due to collisions with neutrals (T; n; Nyeo/1); 388.9
- Pressure of the incoming plasma flow (T, n, T; n;). 501.6
667.8
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587.6
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[5551409-R] Table MP092: Measurement Parametdr 092. TifDivertor shall be delivered with the following

specifications

following specifications

Condition

Time Res.

[55s1397-R] Table MPO88: Measurement Paramefer 088. nH / nD Pivertor shall be delivered with the E;ZZ};?::;]“ Table MP090: Measurement Paramet

Fire protection

ne Divertor §hall be delivered with the following

Condition Range Time Res.
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[55s1411-R] The following diagnostic

5551409-R:

55 E4 Impurity Influx Monitor (Div. Vis/UV) - Primary

systems shall be

integral

20%

provided to contribute to meeting requirement [5551399-R] The following diagnostic systems shall be provided to contribute to meeting requiremen

5551397-R:

53 - y - = . .
I . 55 EA Laser-Induced Fluorescence - Back-up I . 55.G4 Residual Gas Analyzers- Primary

[5551394-R] Table MP087: Measurement

following specifications

55.E4 Impurity Influx Monitor (Div. Vis'UV) - Back-up

. uir [5551405-R] The following diagnostic systems shall be provided to contribute to meeting requirement
= 5551403-R:

55.C4 Thomson Scattering (Divertor, Outer) - Primary

55.FA Interferometer (Divertor) - Primary
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[55s1396-R] The following diagnostic

5551394-R:

55.G4 Residual Gas Analyzers- Primary
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55.EA Laser-Induced Fluorescence - Supplementary

_ 13—. 1281.8
Pumping ]

- 1 1875.4
Transition S 19 ]

>
(¢B]
S 12 n=3
n=4 =>n>4 S 1 | 10938
. c ] 3=6 1005
Observation w ] 3=>7
line 114
1 |656.3
n= 468.6 ]
_ _ Y .
10

r 55.E4 Impurity Influx Monitor (Div. Vis/UV) - Back-up
[55s1400-R] Table MP089: Measurement Parameterf089. nT / nDfDivertor shall be delivered with the _ . . .
following specifications [55s _14067_R] Table MP091: Measurement Paramete] ivertor qhall be delivered with the following
Parametegd 087. nHef Divertor shall be delivered with th specifications
Condition Range Time Res. Spatial Res. Spatial Res.
Time Res. [ | racy integral
ims %
[55s1402-R] The following diagnostic systems shall be provided to contribute to meeting requiremen [55s1408-R] The following diagnostic systems shall be provided to contribute to meeting requirement
ic systems shall be provided to contribute to meeting requiremer 5551400-R: 5551406-R.
55.E4 Impurity Influx Monitor (Div. Vis/UV) - Back-up 55.C4 Thomson Scattering (Divertor, Quter) - Primary
55.G4 Residual Gas Analvzers- Primary 55.E4 Impurity Influx Moniter (Div. Vis/UV) - Back-up
[55s1409-R] Table MP092: Measurement Parameter 092. Ti Divertor shall be delivered with the following
specifications
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RAZDOBARIN, G., et al, An absolute GLADUSHCHAK, V., et al,
measurement of the neutral density Measurement of neutral density For Helium was suggested in

GORBUNOV A. et al, Laser-induced Fluorescence
for ITER Divertor Plasma Fusion Engineering and

profile in the tokamak plasma by

profile in a tokamak plasma using the
resonance fluorescence on H-alpha

principle of laser induced ionization,

Relative error

Relative error

line. Nucl. Fusion. 19 (1979) 1439 Nucl. Fusion 35 (1995) 1385 Design Volume 123, November 2017, Pages 695-698
L I F In ITER d |Ve rtOr I_ I Q He I I fOr Ti (see details in GORBUNOV A. et al, Implementation
Measurement Globus-M Simulation for ITER divertor Measurement Deuterium lamp _ of Laser-induced Fluorescence Diagnostics in ITER, SOFT 2018)
Measurement of T. is based on scanning excitation line with a narrowband
H, LIQ D, LIQ D, LIQ _ : )
tunable laser and deconvolution of thermal component from entire broadening.
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from the TS signals simulated for given n, and T, with allowance for random 0.0

where k ~2.5 - APD excess noise, N, - number of background photoelectrons
Namp~ 50 -contribution of the detector and amplifier noise reduced to the input of the detector
Measurement accuracy of the TS signal to be not less than 2.5%, assuming probable systematic errors

(c) standard deviation distribution functions of the measured T, and n,, with the expected measurement accuracy.

Relative measurement errors of n, and T,.

0.0

Background radiation - from SOPLS run #1514 matching n,?
dependence.
Dashed line marks the acceptable accuracy.

(a) Errors of T, and n, for n,=2 10?2° m3
solid curves — analytical approximation,
crosses — errors (numerical experiment);

(b) Errors of T, and n, for T,=0.3 eV

Relative measurement errors of T, :

(a)- for n,.=10% m-3,
(b)- for n,=5 10 m-3, which is the minimum density
(SOLPS run #1514 yielding peak load ~8 MW/m?)

Dashed line corresponds to divertor temperature 2000 C.
Continuum background is 5-fold overestimated.
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