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Revival of Arcing Issue in Fusion Reactors
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Arcing is a long standing plasma-surface interaction issue in nuclear fusion research, and the issue is being
revived recently from new points of view. In the linear plasma device NAGDIS-II, the demonstration
experiments of arcing/unipolar arcing have been conducted by mimicking the transient heat load using a
pulsed laser. The ignition condition of arcing and erosion rate of tungsten accompanied with the arcing are
investigated. It is shown that the helium irradiation significantly makes it easier to initiate arcing by the
surface morphology change. Actually, in LHD, arcing was initiated on helium irradiated tungsten surface
even without transients. From JT-60U, arcing phenomena occurred on baffle plate inside the vacuum

vessel and diagnostic mirror outside the vessel are presented.

1. Introduction

After divertor configuration was regarded as a
plausible option, arcing phenomena have not been
paid attention in fusion research so much, because
they were thought to be avoidable and sputtering of
material was regarded as the major impurity source.
However, recently, arcing issue has been revived
from new different points of view: the effects of
transient heat loads such as ELMs and disruptions
and surface morphology changes caused by plasma
irradiation [1]. Indeed, arcs in several tokamaks
including ASDEX-U [2] and D-IIID [3] have been
reported recently. These observations suggested
that arcing could be an important topic in ITER or
future fusion devices like DEMO, because the
transient heat load will be greater than those in
present devices when ELMs occur and irradiation
of helium, which will be produced by the nuclear
fusion process, may contribute to morphology
changes as suggested in many literatures [4-6].

In this paper, we present the Japanese arcing
activities in fusion research from a linear divertor

simulator, LHD and JT-60U. First, arc tracks
observed in the buffle tiles and a diagnostic mirror
in JT-60U are presented. Then, the arcing
exponents conducted in the linear plasma device
NAGDIS-I1 and LHD are shown in detail.

2. Arc trails observed in JT-60U

Figure 1(a) shows a laser scanning microscope
micrograph of the baffle time of JT-60U. It was
found that there are many trails that run vertical
direction, which is vertical to the magnetic field.
From the depth analysis of the surface using the
laser microscope, it was found that eroded depth
was several tens of micrometers in some parts. It
was suspected that massive amount of impurities
has been released when the arc was initiated.

Another arcing issue in JT-60U is discharge trails
recorded on the diagnostics mirror for laser
Thomson scattering. Because the damages were so
fatal that the mirror had to be replaced after the
breakdown. Details of the characteristics of the
damage are investigated from the observation of the



trails. It is thought that surface discharge was
initiated on the mirror. The phenomena issue
warning on the components to be installed in ITER
and future fusion devices both inside and outside
the vacuum vessel.

Figure 1: A laser nning micrscope micrograph
of carbon baffle plate of JT-60U.

3. Arc demonstration experiments
3.1InLHD

A tungsten sample was exposed to helium plasma
in NAGDIS and the nanostructured sample exposed
to the Large Helical Device (LHD) divertor plasma
for 2 s. After the exposure to the LHD plasma, arc

trails were observed on the surface, as shown in Fig.

2 [7]. Interestingly, the arcing was initiated even
without any transients. Because the magnetic field
direction was almost normal to the surface, the
fractality measured using a box-counting method
was almost two, indicating that the motion was
similar to the Brownian motion. This results
support the fact that the arcing is easily initiated on
the nanostructured tungsten surface.

the LHD plasma. From ref. [7].

3.2 In linear device NAGDIS-II

The initiation condition and behavior of arc spot
was demonstrated in detail in the linear divertor
simulator NAGIS-II. To simulate the transient heat
load, a pulsed laser with the pulse width of ~0.6 ms
irradiates the sample. A W sample was used for the
experiments.

Ignition condition of arcing was investigated
systematically by changing the laser power, plasma
conditions, surface nature, and so on. Arcing
was never ignited unless the target was sufficiently
biased negatively, say less than -50 V, and one
could say that the target voltage is one of the key
parameters to control arcing. The helium irradiation
changes the surface morphology and makes the
ignition of arcing much easier. When the
nanostructure was formed on the surface, necessary
laser pulse energy to ignite arcing was
approximately 0.01 MJm? which was several
orders of magnitude lower than the heat load
accompanied with type-l ELMs in ITER. Thus, it
raises a concern that the arcings are also triggered
in response to type-1l or type-1ll ELMs in ITER if
the nanostructures are formed on the surface.

The cross section of unipolar arc trail recorded
on the surface was analyzed with transmission
electron microscopy (TEM) using focused ion beam
(FIB) milling.

From the cross sectional image, it was found that
33-46% of nanostructured tungsten layer was still
remained on the surface for single spot. Roughly,
with some assumptions for the spot velocity and
mass density of nanostructured tungsten, the eroded
tungsten by arcing per second is estimated to be 10
mg. The value will provide a benchmark to assess
the influence of arcing in fusion devices. When the
spots form a group, the damages were more
significant, indicating that the erosion rate would be
increased. Detailed investigation of erosion of
grouped spots will be a issue for future study.
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