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Neutral Beam Injection (NBI) is an essential
tool for plasma heating and current drive

A To satisfy the Lawson criteria of fusion plasmas, we need to realize high
performance plasmas of10keV and g1C(° [m-3] with external plasma
heating. In addition, current drive by external power injection is necessary in
tokamak device.

A In order to fulfill these requirements, NBI can be robustly applied as an external
power source.

A Realization of efficient NBI system is one of the key issues in realizing efficient
fusion power plant.
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Beam Extraction Boundary

Aln the vicinity of the beam extraction aperture
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as a boundary between plasma and beam
regions as shown in Fig. 2.

ABeamlet focusing is strongly affected by the
meniscus shape, which depends on the

variations of negative-ion density and applied
extraction voltage
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Fig. 2. Definition of the meniscus in the vicinity

of the PG aperture.
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Negative ion

Negative ion plasma Plasma
o©

ANegative ion plasma consists of negative ion, Suniase
positive ion and electron. Mainly, negative ﬁo z
ion and positive ion conserve charge C |

ANegative ion plasma is produced on the PG

surface with lowered work functioby PG <l }

adsorption of caesium atoms on the surface.
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the formation and shape of the meniscus. | | o |
Fig. 3.Mechanism of negative ion production.



Experiment Setup



Research and development Negative ion

source at NIFS (NIFRNIS)

lon Source : filamerdrc type

Input discharge power: ~50kW
Plasma density: ~2 x 10m3

Puffing gas: H2

Typical Operational Pressure: ~0.8 Pa
Cs seeding is applied for high negatioe
current operation

Grid system:

Plasma grid(PG), Extracti@nigr(EG), and < l
X
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Bias voltage: ~0.4V
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Fig. 4. Cross Section of NIFS-RNIS



Feed trough

Langmuir Probe (LP) Measurement is applied

near/inside the beam extraction hole Main connector
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Fig. 5. Schematic drawing of LP system




Probe Geometry

Meniscus Langmuir Probe

Position of probe tip is measured with position sensor .
We set orientation of the tip to
X positive is horizontally left.
Z positive is the upstream side of the beam direction.

Fig. 6. Probe location and calibration.



Measurement Region
for Probe position scan

Probe

Because mechanical movement is slow, the z%,;;- N
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Fig. 7.Diagram of measurement point.



Typical discharge waveforms and Langmuir probe signals
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Probe bias was swept for diagnostic through out the
discharge.

The color hatches indicate groups of sampling for
each Vext level.

. The function will track position of the retard region. Third
derivative of the curve is calculated from the fitted function. The
positive peak of third derivative on lower and higher probe bias
voltage is use as saturation voltage for negative charge saturation
current and positive charge saturation current.



Preliminary analysis on saturation current
measurement through a beam extraction hole
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Comparison of Saturation currents with/without
Extraction voltage
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Anomalyregion was expandeavith the
application of an extraction voltage
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Decrease of negatively charged particlasdincrease of positively charged
particleswere observed with the application of extraction voltage
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Summary

. We conducted the Langmuir probe measurement through plasma
grid aperture.

. Analytical method was developed for evaluation of the saturation
current from I-V curve in the negative ion plasma.

. Preliminary measurement of plasma distribution is demonstrated
In this research.



Future Plan

AThe 3D spatial scan of the LP measurement will be performed
to investigate the shape of plasma-beam boundary (meniscus)
and the non-uniformity of negative ion densities inside the beam
extraction aperture.

AThe measurement of the LP will be performed at higher
extraction voltage in order to observe the influence of the
extraction electric field to the meniscus formation, more clearly.



Appendix 1 drift of plasma



Movement of plasma due texBdrift

Because In the extraction area we apply 25 EEE
magnetic field for electron deflection, the
ExB drift Is corresponding application of
extraction field and the deflection field.
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-1.5

Z-axis [mm]

r=mv/gB v=(kT/m)"0.5

With estimated ion temperature 0.01 35 SRR AR
0.05eV

Larmor radius is 0-6.5mm 55

Radius is smaller than plasma drifting length.
However, the drift direction of plasma is
opposite to right hand rule.
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Appendix3 emphasis



Meniscus Boundary

The boundary of plasma can consider by appears of
anomaly 1V curve which is correspond to current contour.
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Accumulation of charge particle
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Third derivative and tracing method
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Fitting function for tracking retard region and smoothing for third
derivative.
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Sheatheffed

Orbital motion Limit Theory (OML)
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The OML predicted that sheath of plasma effect the increase of current
in saturation region. Saturation also distorted under the effect of the
sheath.

OML is famous use with square-root approximation when consider
sheath is large (10 time of probe radius).
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In electronegative plasma, it is possible that the distortion affected to the
temperature tracing which is reach to 5eV in our measurement.
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Probe Current [A]
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Appendix 4 Meniscus and shielding properties



Electron plasma Meniscus Boundary
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Positive saturation current
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Negatively Saturation current

Vext dependence
Parc = 25kW WwCs
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Negatively charged Saturation current

Arc Power dependence
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Positively Charged Saturation current
Vext dependence
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Positively saturation current

Arc power dependence
Vext = 450V wCs
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w/0-Cs
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Negatively Charged Saturation current
Arc power dependence

Vext= 450V w/dCs
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Positively charge saturation currevext
dependence

Parc = 25kW WwWAKEs
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Positively charged saturation curreviext
dependence

Vext= 450V w/dCs
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Beam width perveance plot



Appendix 4 Each point curve
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