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Observation of Arc Trails with Significant Damage due to Glow
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We report the observation of arcing damage on the diagnostic shutter during the glow discharge wall con-
ditioning in LHD. The diagnostic system has no experience of plasma discharge produced by electron or ion
cyclotron resonance heating or neutral beam injection. The arc trails were observed on the aluminum surface but
not on the stainless steel although both materials were exposed to the glow discharge with the same duration. The
difference in work functions between two materials may be a cause to divide the conditions of arcing ignition.
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Glow discharge conditioning (GDC) is an essential
wall conditioning technique in tokamaks and stellarators to
produce high performance plasma [1]. Physical or chem-
ical sputtering by impacts of accelerated ions release im-
purities absorbed in the material. On the other hand, the
degradation of the optical properties of the diagnostic mir-
ror due to the GDC was speculated in Large Helical Device
(LHD) [2]. Further, arc trails were inspected in non-plasma
irradiation region in Wendelstein 7-X (W7-X) [3], where
the arcing seemed to be initiated in GDC because of there
being no linearity in the trails. This Rapid Communication
presents the observation of arc trails with large area on the
diagnostic system, which was installed during a brief GDC
in LHD.

Figures 1 (a) and (b) show the pictures of the shutter
for the mirror of Fast-Ion D Alpha (FIDA) diagnostic sys-
tem [4] before and after the GDC. Serious damages due
to the many arc trails on the shutter surface made of alu-
minum (Al) were clearly observed. Figures 1 (d) and (e)
show the pictures of the shaft for gating the shutter. Af-
ter the GDC (see Fig. 1 (e)), a number of arc trails covered
the most part of the Al area in common with the shutter
surface in Fig. 1 (b). On the other hand, a part of the di-
agnostic system made of stainless steel (SS) survived the
arcing damage.

Figure 2 shows a top view of the LHD vacuum vessel.
Many arc trails were observed on the shutter surface lo-
cated at the outboard side of the toroidal section #7. In the
LHD GDC, in-vessel components including first walls and
divertor plates are grounded and represent the discharge
cathode. The shutter and shaft for FIDA diagnostic are also
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Fig. 1 Pictures of the shutter (a) before and (b) after the GDC
and driving shaft (d) before and (e) after the GDC. (c)
and (f) are enlarged pictures of (b) and (e), respectively.

grounded. The secondary electron emissions due to ion im-
pact with the plasma facing wall sustains the weakly ion-
ized GDC plasma. The electron impact ionization with the
neutral gas produces the ions which are accelerated toward
the surface in the potential fall. The GDC is maintained
by a steady state DC current between the cathode and two
anodes at the top ports of sections #4.5 and #10.5. Multi-
ple anodes distributed in a toroidal direction contribute to
homogeneous discharge over the vacuum vessel. Ne and
H2 gases are injected from the bottom port at section #3.5
for keeping the neutral pressure in the vessel to be ∼1 Pa.
The sputtered impurity particles are pumped out by two
turbomolecular pumps at section #7.
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Fig. 2 Top view of the LHD vacuum vessel. Positions of the
shutter on which the arc trails occurred, anodes for the
GDC, gas puffing, pumping, pressure gauge, and thermo-
couple are depicted.

Fig. 3 (a) Machine schedule of LHD before the 22nd experi-
ment campaign. Time evolutions of VGDC and IGDC for
the power sources of the anodes at (b) #4.5 and (c) #10.5,
(d) PVV, and (e) TVV.

Figure 3 (a) shows the LHD machine schedule before
the 22nd campaign. The optical system including the shut-
ter for FIDA diagnostic was installed before the vacuum
evacuation. After the wall conditioning by two-time bak-
ing and intermittent GDC, the LHD vacuum chamber was
vented into the atmosphere. A number of arc trails were
observed before the second pumping for the LHD exper-
iment starting from the middle of October in 2020. Fig-
ures 3 (b) - (e) show the time evolutions of the voltage,

VGDC, and current, IGDC, to maintain the GDC, the pres-
sure, PVV, in LHD chamber and the temperature, TVV, at
the first wall in the vicinity of the shutter. In Figs. 3 (b)
and (c), VGDC and IGDC are monitored at the power sources
of the anodes located at both sections of #4.5 and #10.5.
During the GDC, IGDC is kept to be 10 A and VGDC was
∼400 V. Although the positive spikes of VGDC were de-
tected a few times at #4.5, the relationship of positive
spikes with the arcing ignition is not clear at the moment.
PVV is measured by a capacitance manometer during the
GDC and by an ionization gauge in the case of PVV be-
low 10−2 Pa. The pressure gauges are mounted at the out-
board side of #7 in front of the pumping system. The
thermocouple embedded on the backside of the first wall
nearby the FIDA diagnostic system measures TVV. From
16 Sep. 2020, TVV began to increase for the purpose of
baking and maintained a steady-state at ∼94◦C for 2 days.
TVV maintains room temperature except for such a baking
phase. The FIDA diagnostic system was exposed to the
GDC plasma 8 times. First GDC was conducted by Ne gas
for 1 hour. Afterward, H2 was used for the discharge gas
of 6 hours GDC 7 times.

In the present study, we observed the large area with
the arcing damage on the Al surface due to the GDC. It
should be noted that no other significant arc trails were ob-
served on the surface made of SS in the FIDA diagnos-
tic system and pre-installed materials including SS of first
walls. There were some reports indicating the evidence
that the LHD GDC initiated arcing on ECH and ECE mir-
rors [3, 5]. However, the arcing damage observed in the
present study shows a larger area than the previous reports
during the brief GDC of 43 hours in total. The reason for
causing the significant damage might be relevant to the ma-
terial.

An electron emission process is important to discuss
the initiation mechanism of arcing. Thermo-field emission
current was theoretically discussed in Ref. [6]. The emitted
current is calculated by the electric field, temperature, and
work function. The surface roughness, Ra, also an impor-
tant factor for the field emission, was in the range from 2.5
to 3.0 µm for the flat surfaces of both Al and SS. Regard-
ing the rods, because the Ra has an anisotropy due to the
manufacturing process, the comparison is difficult here. At
least the flat surfaces of Al and SS could be similar con-
ditions. Further, under the present condition, electric field,
determined by the sheath potential and sheath thickness,
and temperature are almost the same at Al and SS parts.
However, the lower work function of Al, 4.06 - 4.26 eV [7],
than that of SS, 4.34 eV [8], enhances the field emission. It
is noted that the work function should increase by the ab-
sorption of hydrogen and/or oxygen [9] and decrease by
the air exposure [10]. These changes of work function due
to the gas absorption processes could also have an effect
on field emission.

As the conclusion, the current situation of LHD GDC
may be on the border that divides the conditions of arcing
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ignition between different materials. However, further val-
idation and discussion are necessary from the viewpoints
of cohesive energy rule [9], surface roughness, and gas ab-
sorption in the future.
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