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Background 1

B RF negative ion sources are in development for ITER-NBI.

Beam divergence of negative ion sources

I_\
N

B Beam divergence of RF sources is about 12.8
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twice that of Filament-Arc (FA) sources.
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|[Previous work] Beam responses to RF

B Experimental setup Wy oscillation
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Objective and method 3

Objective

[ Developing a model of the negative ion beam divergence J
response to the RF electric field.

Method ]

A model for negative 1on beams 1s NOT
established.
— Based on the positive-ion beam model.

[ Static beam divergence model ]-

_|_ -
[ RF field perturbation ]

; Comparison
[ Beam divergence model with RF ] ﬁ

results

[ Experimental ]




[Previous work] 1D Static beam model

B 1D positive ion beam extraction model B Poisson equ. ® Energy conservation M Beam current
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I.Langmuir et al., Phys. Rev. 24, 49 (1924). This model is conventionally used for negative beams.



[Previous work] 2D Static beam model

B Axisymmetric 2D beam B Poisson equ. B Energy B Beam current
extraction model 10 (rz aV) _ P conservation density
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[.Langmuir et al., Phys. Rev. 24, 49 (1924).



[Previous work] 2D Static beam model
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2D Static beam model with w,

B wvs wg, comparison

w = A‘1—Pe’””

W minimum divergence angle

B Static beam divergence wg,,
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RF field perturbation: Three elementary processes

B Static beam divergence w4,
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Model 1: Ion density oscillation model

» Hypotheses = Model schematic
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@ Current oscillation is dominant. _A l
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follows the production rate (o< E57)
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indicating beam current does not oscillate at wgr

T.Shibata et al. AIP Conf. Proc. 2373, 050002 (2021)



Model 1: Ion density oscillation model

B Static beam divergence wgy,

= Hypotheses

P 2
(D Current oscillation is dominant. Wsta = J (A ‘1 —~ I"f” ) + w?
C
I(Egp)
w(Perv(ERF)) y Bervy = L5 .
= C(njo+ a Egpe” “rrt)

(2) Current oscillation originates =

Perv 1.5
L] L] L] L] V
from ion density oscillation ‘ ext

o .
I = C?’li — Psta(l + _EI%FQZLwRFt)

Njo
(3 Ion density oscillation '
follows the production rate (< E2
P (< Er) Model 1 w 4

ni — nio + 04 ERZFQZLwRFt
1[ (

2

) + wj dt

a .
Psta(l + n_O E}%FQZLwRFt)

1 _ l
Pc

gl
|




Model 2: Extraction field oscillation model 11

= Hypotheses

= Model schematic

(D Electric Field oscillation is dominant.
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Model 2: Extraction field oscillation model

= Hypotheses B Static beam divergence wg,
D Electric Field oscillation is dominant. B Pool\°
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Model 3: Direct meniscus response model

= Hypotheses

(D Direct response of the meniscus
structure to E pf is dominant.

w(P,, ,Err) , P, = const.

(2) Meniscus position on the z axis [
varies in proportion to Epp
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Model 3: Direct meniscus response model

= Hypotheses

(D Direct response of the meniscus
structure to Epf is dominant.
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(2) Meniscus position on the z axis [
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- Model 1: Ion density oscillation model ——
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All models reproduce the experimental resulit.




Comparison with experiment (2) Divergence oscillation 1§

- Model 1: Ion density oscillation model ——
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Model 1 is inconsistent with
the experimental result.




Summary and outlook

Summary

Based on the static beam focusing model, we developed three beam divergence models

with RF electric field perturbations corresponding to three elementary processes.

Elementary process Consistency with experimental results
P.,, dependence Divergence oscillation
response period
Model 1 Ion density oscillation O X
Model 2 Extraction field oscillation O O
Model 3 Direct meniscus response O O

The divergence oscillation may not originate from the 10on density oscillation.

Outlook
Compare Model 2 and Model 3 through additional experiments.
Identify the focusing degradation mechanism of the ITER RF negative 1on source with the model.
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Phase relationship at wpfp
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The w, oscillation at wpr should not predominantly originate through 1.




Operating regimes of negative ion sources and Perv

B Operating regimes of negative ion sources

A

Child — Langmuir law

Low V,,; regime ... P,,,, constant
(space-charge limit dominates — I o V.132)
=>0nly model 3 1s applicable.

Ion saturation current

\ 4

High V,,; regime ... P,,.,, variable
(10n saturation current dominates — [ « n;)
=>All models are applicable.
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Rogosky-type RF antenna.
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Relationship between w, oscillation and value increasing
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Divergence Angle w [mrad]
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