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Optimisation of plasma processes W

Volume processes
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coverage of Cs at PG temporal behaviour
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Survival length of H ~ few cm |

Diagnostics of ng, Te, Tyas, H @and H,, Cs and Cs*, H close to the grid
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Optical Emission Spectroscopy (OES)

Simple experimental set-up |

Fibre optics
Spectrometer | 1/ — g . LOS _
absolutely calibrated ﬂ line of Slght

Survey spectrometer
» 200 - 900 nm, low resolution AA ~ 1 nm, time traces
» 200 - 780 nm, high resolution AL = 0.3 nm

Analysis (quite complex) |
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Electron density and electron temperature using argon as diagnostic gas

Ar* line ratio is sensitive on electron density
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Atomic and molecular hydrogen

Line ratio method = Density ratio H/H2 |
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Tgas= 1200 K + 300 K

|| grid, obtained from H, Fulcher radiation
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» H/ H,~0.15-0.2 (|| grid)
» More atoms in deuterium
» Similar n, for H, and D,
» Lower T, for D,

More negative ions expected in D, than in H,
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Diagnostics of cesium: neutrals and singly charged ions in plasma volume
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Time traces of cesium and hydrogen lines W
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» Weak dependence on extraction Time [s]
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» Indication of a threshold

Masked grid (20% to length of LOS) Grid length = length of LOS

Ursel Fantz IAEA-TM on NBI 9 - 11 May 2005



Cs dynamics in the RF source W

Without extraction With extraction

Cs from cold
back plate

| ———

200°C_ - ‘ I . |
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H extraction

Cs from evaporation and surfaces | Enhanced Cs sputtering from back plate
N

"H*, Hy*, Hyt, Cs*
with dependence on E,,, = U

extr

Masked grid of BATMAN prevents ion flux to back plate
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Cs intensity parallel to grid used as monitor for cesium balance

1 . . .
120 _pﬁ”—06Pa U ' 1 80 Time traces during evaporation: MANITUl
g f......... .-,“._- 6';‘ 40 e LSRN BLELEL AL BLELELELE B AL BLELELELE B
= : #61 1]
=80 —. .:.o 00 0000 0000 o 4= H 6133 o134l
! ]
o0 ® e P
RF
Q40 —
| ! |
.110— J )
< 8l e
= ocoo * .
— ' \,’
t Ofwe o
§ 4 ..‘. ........_
E 2t Jell-
T ol - . #61351 i #61361
40 T T T r H ] - H ]
- H 0t ool I’Y\/"‘W ]
30 I 1 {"Jf/”ﬂ ]
g) - 20 |- - 120 | Cs852 7
@ 20 [ Cs852 1 ]
£ - 10 F J10L ]
2 10 [ 11 . ]
= [ 120 min| 1 | 170 min
0-. N I TP TP PP IR A S 0_ P PP PRI PRI ST vy e
0F—— o 1 2 3 4 5 6s 0 1 2 3 4 5 6s
13:00 00
Clear trends in Cs signals |
Ursel Fantz IAEA-TM on NBI 9 - 11 May 2005



H volume density monitored by Balmer line ratios W

Population mechanisms for H |

H(n)
effective Hﬂ T ><
excitation

H_

mutual neutralisation I
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o

Collisional radiative model

Novel diagnostic technique for H_l

Line ratios depend on n,, T, and H /H
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Hg/H, reflects n, and T,
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H volume density monitored by Balmer line ratios
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Cs and H dynamics in the RF source W

Without extraction With extraction

Cs flow

200°C
hot grid hot grid

H extraction

Observation of |

» Cs from evaporation and surfaces Less H from surface effect |
» H from volume formation

» H from surface effect at grid
with few cm penetration depth

Enhanced Cs sputtering from back plate

in observation volume

Ursel Fantz IAEA-TM on NBI 9 - 11 May 2005



Comparison between RF and arc sources
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Monitoring of cesium in the arc source

MANTIS: Cs evaporation |
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Monitoring of H in the arc source
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H_ beam diagnostics
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Analysis of Doppler-shifted peaks |

8000 -

(@)

o

o

o
|

4000 A

2000 -

H spike 4

\/\QJ neutrons)

655
Wavelength [nm]

In operation at BATMAN
» LOS at 150 cm distance to extraction system
» Mean angle 52° w.r.t. beam axis

Planned as standard diagnostics at MANITU
» Spatially resolved measurements (20 channels)

Results for stripping losses |

» Linear dependence on pg;

» Higher values from ITER like model
» Agreement for T, = 1000 K

» 8% stripping losses at p;; = 0.6 Pa
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Spectroscopy — A powerful diagnostic tool in source development W

» Diagnostics of plasma parameters n,, T, T, densities H, H, and impurities

gas’

H formation and destruction processes | correlations with j, | plasma stability

» Monitoring and quantification of Cs, Cs* and W in plasma volume

cesium evaporation and redistribution | tungsten impurities |

» Novel diagnostic technique for H (line ratio method: H./H;)

@
&,

correlations with j,-

» Valuable results from time traces ‘ S

» Comparison between RF and arc discharges

((@f(@

» Quantification of stripping losses by H_, beam spectroscopy
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Rotational and vibrational population of molecular hydrogen
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Tgas= 1200 K + 300 K

Combination of measurements with modelling

Collisional radiative model for H, and D, |
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