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RF sources at IPP, Garching
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Optimisation of plasma processes

Volume processesVolume processes

Filter
Magnets

Cs oven

Formation

Electron stripping

Mutual neutralisation

Dissociative attachment

Losses

Losses

high H

Te < 2 eV

low ne

Cs evaporation, redistribution

Diagnostics of ne, Te, Tgas, H and H2, Cs and Cs+, H¯ close to the gridDiagnostics of ne, Te, Tgas, H and H2, Cs and Cs+, H¯ close to the grid

temporal behaviour
thin and homogeneous
coverage of Cs at PG

Survival length of H¯ ≈ few cmSurvival length of H¯ ≈ few cm

Formation

jH- ≈ 4 mA/cm2

Cs layer
low work function

Surface mechanismSurface mechanism

H (Hx
+) + surface e- → H¯

e- + H¯ → 2e- + H

H+ + H¯ → H + H

e- + H2 → H2(B,C) + e- → H2(v) + e- + hν

e- + H2(v) → H¯ + H
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Optical Emission Spectroscopy (OES)

Simple experimental set-upSimple experimental set-up Analysis (quite complex)Analysis (quite complex)
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Electron density and electron temperature using argon as diagnostic gas

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

Line ratio method Density ratio H/H2Line ratio method Density ratio H/H2
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Electron temperature  [eV]

ne

Te, ne dependence is negligible

H/ H2 ≈ 0.15 – 0.2 (|| grid)
More atoms in deuterium
Similar ne for H2 and D2

Lower Te for D2

Tgas= 1200 K ± 300 KTgas= 1200 K ± 300 K

|| grid, obtained from H2 Fulcher radiation

More negative ions expected in D2 than in H2More negative ions expected in D2 than in H2
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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

BATMANBATMAN MANITUMANITULOS II grid

More Cs and higher Hβ in D2

Weak dependence on extraction 
Increase typically a factor 2-3
Ar increases Cs signals by a factor of 10
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Cs dynamics in the RF source

Without extraction

LOS ∅ 1cm
4 cm

hot grid

200°C
Cs oven

cold back plate

200°C

Cs condenses
at cold surfaces

Cs flow

Cs from evaporation and surfacesCs from evaporation and surfaces Enhanced Cs sputtering from back plateEnhanced Cs sputtering from back plate

with dependence on Eion ≡ Uextr

H+, H2
+, H3

+, Cs+

200°C
Cs oven

With extraction

H¯ extraction
hot grid

200°C

ions
Hx

+
Cs flow

Cs from cold 
back plate

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

Time traces during evaporation: MANITUTime traces during evaporation: MANITU
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H¯ volume density monitored by Balmer line ratios

H+ + H¯ → H(n=3) +  H

mutual neutralisationmutual neutralisation

Population mechanisms for HPopulation mechanisms for H

H(n)

H

H+ H2
+

H2
H-

recombination dissociative
recombination

dissociative
excitation

effective
excitation

H2
+/H < 10-3

H/H2 > 0.1

Te > 1 eV

Collisional radiative model
Hα

Hα/Hβ depends on H¯Hα/Hβ depends on H¯

Hβ/Hγ reflects ne and Te
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H¯ volume density monitored by Balmer line ratios
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MANITUMANITU LOS II grid, 4 cm distance

H¯ = 1×1017 m-3

Cs = 1×1015 m-3

H¯(w/o Cs) = 1-2×1016 m-3 corresponds to jH- = 2-4 mA/cm2

BATMAN: D¯ > H¯ (factor of 1.5)
LOS (2 cm) > LOS (4 cm)
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Cs and H¯ dynamics in the RF source

Without extraction

LOS ∅ 1cm
4 cm

hot grid

200°C
Cs oven

cold back plate

200°C

Cs condenses
at cold surfaces

Cs flow

Cs from evaporation and surfaces
H¯ from volume formation 
H¯ from surface effect at grid

with few cm penetration depth

H¯ flow

Observation ofObservation of
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H¯ flow

hot grid
200°C

ions
Hx

+

Cs flow

Less H¯ from surface effectLess H¯ from surface effect

Enhanced Cs sputtering from back plateEnhanced Cs sputtering from back plate

in observation volume
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Comparison between RF and arc sources 
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Monitoring of cesium in the arc source
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Monitoring of H¯ in the arc source

0 10 20 30 40 50 60 70 80 90 100 110
8

10

12

14

16

18

20

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
#13366

Hα/Hβ

Li
ne

 ra
tio

|| grid

Idrain [A]  I dr
ai

n 
[A

]

0 10 20 30 40 50 60 70 80 90 100 110
8

10

12

14

16

18

20

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
#13370

Hα/Hβ

Li
ne

 ra
tio

Time [s]

|| grid

Idrain [A]  I dr
ai

n 
[A

]

Hα/Hβ correlates with IdrainHα/Hβ correlates with Idrain

LOS || grid, 17 mm

H¯ volume density = 5×1016 m-3

jH-drain = 18 mA/cm2, jH-cal = 10 mA/cm2



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

Hα beam diagnostics

Analysis of Doppler-shifted peaksAnalysis of Doppler-shifted peaks

In operation at BATMAN 
LOS at 150 cm distance to extraction system
Mean angle 52° w.r.t. beam axis
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Spectroscopy – A powerful diagnostic tool in source development

Diagnostics of plasma parameters ne, Te, Tgas, densities H, H2 and impurities

H¯ formation and destruction processesH¯ formation and destruction processes correlations with jecorrelations with je plasma stabilityplasma stability

Monitoring and quantification of Cs, Cs+ and W in plasma volume

cesium evaporation and redistributioncesium evaporation and redistribution tungsten impuritiestungsten impurities

correlations with jH¯correlations with jH¯

Novel diagnostic technique for H¯ (line ratio method: Hα/Hβ)

Valuable results from time traces

Quantification of stripping losses by Hα beam spectroscopy

Comparison between RF and arc discharges

Cs

H2

neH

Te
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Rotational and vibrational population of molecular hydrogen

Tgas= 1200 K ± 300 KTgas= 1200 K ± 300 K

Collisional radiative model for H2 and D2Collisional radiative model for H2 and D2
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