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The linear plasma device TPD-II was reactivated and upgraded to enable pulsed plasma and liquid-metal flow
experiments. As an initial study, we performed pulsed plasma experiments using a capacitor bank system, focusing on
the influence of transient recycling particles. Time-resolved measurements showed that the ion current at the target
responded on a time scale longer than that of the pulse duration, attributed to slower transport of ions compared to that
of electrons. In contrast, floating potentials responded on the same time scale as the pulse, reflecting the behavior of fast
electrons. At higher pulse power, a transient drop in ion current and an increase in floating potential were observed
after the input of pulse to the target, suggesting a rapid decrease in electron temperature and the onset of electron-ion
recombination. Filtered high-speed imaging revealed enhanced He I emissions due to the recombination processes at
the period. These results demonstrate the utility of the upgraded TPD-II in exploring transient plasma-neutral interac-
tions relevant to divertor physics in future fusion reactors.
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1. Introduction
In the development of a demonstration fusion reactor, the

design of heat load handling scenarios for the divertor is of
great importance. The divertor is exposed not only to steady-
state heat loads but also to transient heat loads induced by
plasma instability such as edge localized modes (ELMs) [1].
Under the ELMy H-mode conditions in ITER, pulsed heat
loads reaching GW m−2 are expected [2]. For investigating the
complex phenomena expected under the severe divertor heat
load environment of a demonstration reactor, fundamental
experiments using linear plasma devices provide an effective
approach. Atomic and molecular processes during pulsed
plasma superimposition as well as interactions with transient
recycling particles have been studied in NAGDIS-II [3] and
Magnum-PSI [4–6]. To further advance previous studies, it is
necessary to investigate transient plasma–neutral interactions
under conditions where the influence of recycling neutrals is
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more pronounced.
Although Magnum-PSI can generate high-power pulses

similar to ELMs and has significantly contributed to the under-
standing of plasma-surface interactions under reactor-relevant
conditions, further investigations are necessary under differ-
ent boundary conditions to complement existing findings. In
particular, in devices with large chamber volumes such as
Magnum-PSI, scattered neutral particles tend to be lost
before significantly affecting the plasma, which differs from
the closed geometry of baffled divertors where neutrals can
be more effectively confined. In addition, operating at as low
a neutral pressure, Pn, as possible is favorable for enhancing
recycling effects. In this study, we developed a linear plasma
device capable of producing high-energy pulses that can be
superimposed onto a steady-state plasma with an electron
density, ne, of ∼ 1019 m−3 under compact and low-Pn condi-
tions, enabling clear observation of the effects of recycling
neutrals on transient plasmas.

As an alternative to solid divertors, the use of liquid-
metals at the plasma-material interface has been proposed [7].
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While liquid-metals offer high heat removal capability, sev-
eral scientific challenges remain for their application in future
fusion reactors. These include plasma-liquid interactions [8],
the improvement of wettability [9], and the generation of impu-
rities [10]. Such issues can be investigated using linear plasma
devices. In particular, to study gas absorption, transport, and
re-emission processes induced by interactions between flow-
ing liquid-metals and plasmas, experimental setups capable
of capturing dynamic plasma-liquid interactions are required.

In this study, the linear plasma device TPD-II was reac-
tivated and upgraded to enable both pulsed plasma and liquid-
metal flow experiments. As initial results, this paper reports
the effects of pulsed plasma superimposed on a steady-state
plasma using a capacitor bank system, with particular atten-
tion to transient recycling particles.

2. Experimental Setup
2.1 Linear plasma device TPD-II

The TPD-II device generates a steady-state plasma
using TPD (Test Plasma by Direct-current discharge) type
plasma source [11]. Around the year 2000, several divertor
plasma studies were carried out in the device, mainly focus-
ing on the double electron capture process, the closed divertor,
and impurity transport [12–20]. After more than a decade of
shutdown period, reactivation work was carried out. During
this process, several upgrades and installations were imple-
mented, including a newly designed plasma source, an
upgraded pumping system, integration of the capacitor bank
and a liquid-metal flow system, and the basic diagnostic sys-
tem using Langmuir probes. A gas-driven liquid-metal flow
system has been developed [9] and installed on the TPD-II
device, and its details will be reported in another paper.

Figure 1 shows a picture and schematic view of the
TPD-II device. TPD-II consists of a cylindrical glass cham-
ber with an inner diameter of 143 mm and a total length of∼ 3 m, evacuated by three turbomolecular pumps (TMPs).
The magnetic field strength can reach up to 0.6 T, while it was∼ 0.1 T in the present study. Helium (He) was used as the dis-
charge gas. The plasma is terminated by a target plate located
at z = 2.31 m, where z denotes the axial distance from the
anode surface. The target plate is made of stainless steel for

liquid-metal flow experiments, and a bias voltage of −100 V
is applied to measure the total ion current into the target,Itarget. A capacitance gauge installed at the same z position as
the target plate is used to measure Pn. Throughout this study,Pn remained almost unchanged at ∼ 0.3 Pa. Two Langmuir
probes are located at z = 0.514 and 2.29 m. Both probes used
cylindrical tungsten electrodes and were scanned as a func-
tion of radial position, r. The upstream probe located at z =
0.514 m was used to measure the I − V  characteristics and
had an electrode with a diameter of 0.5 mm and a length of
1.0 mm. The downstream probe at z = 2.29 m was used to
measure the ion saturation current into the probe, Iprobe, at
the plasma center by applying a bias of −100 V. The probe
electrode had a diameter of 0.5 mm and a length of 0.5 mm.
The dynamic behavior of the emission is observed using a
high-speed camera (Phantom V7.0) installed at z = 1.484 m.
The frame rate and exposure time were set to 10,000 fps and
97 μs, respectively. The frame size and pixel resolution were
64 × 256 and ∼ 0.41 mm pixel−1. Two optical filters were
installed in front of the high-speed camera lens to observe
line emission spectra. One was centered at the wavelength of
589 nm with a bandwidth of 10 nm to capture the He I emis-
sion due to the transition from the lower excited states withn = 3 (587.6 nm: 23P − 33D), where n is the principal quan-
tum number. The other was centered at 405 nm with a band-
width of 10 nm to capture the He I emission due to the
transition from the higher excited states with n = 5 (402.6 nm:23P − 53D).

2.2 Plasma source
Figure 2(a) shows a cross-section of the plasma source.

The design is based on the plasma source used in the
NAGDIS-II device [21]. An LaB6 disk cathode with a diame-
ter of 80 mm and thickness of 4 mm is heated by thermal
radiation from a carbon (C) heater to emit thermionic elec-
trons. The distance between the LaB6 cathode and the C heater
is 7 mm. The LaB6 cathode is composed of four 90-degree
fan-shaped segments to mitigate thermal stress caused by tem-
perature gradients, which could otherwise lead to cracking
due to the low thermal conductivity of LaB6. A direct current
(DC) arc discharge is generated by applying a discharge volt-
age, Vsrc, between the LaB6 cathode and a copper (Cu) anode.

Fig. 1. (a) Picture and (b) schematic view of the linear plasma device TPD-II.
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In this study, the discharge current, Isrc, and Vsrc were 50 A
and 138 V, respectively. The LaB6 cathode is mounted using
a cylindrical molybdenum (Mo) holder, which is connected
to Vsrc. Outside of this holder, a Mo radiation shield is
installed to reduce thermal radiation loss from the cathode.
Since the shield is floating, it also suppresses undesired dis-
charges between the cathode and the vacuum chamber wall.
Pure He gas was supplied to the plasma source at a flow rate
of 170 sccm. An additional 30 sccm of He was introduced
from the position at z = 0.124 m, which is downstream of the
anode, because gas injection from this location provided more
stable discharge. Seven floating electrodes are placed between
the cathode and the anode. These electrodes are mutually iso-
lated and individually water-cooled. During the initiation of
the discharge, all floating electrodes are grounded. Subse-
quently, they are floated sequentially from electrode #1 to #7,
thereby forming a discharge path between the cathode and
the anode. The inner diameter of the floating electrodes is
8 mm, while that of the anode is 12 mm. Figure 2(b) shows
the magnetic field lines inside the plasma source. A cusp mag-
netic configuration is formed in front of the cathode, and the
field converges toward the anode, contributing to the high
density plasma generation.

The heating power, Pheat, required for the LaB6 cathode
to achieve sufficient thermionic electron emission depends
on several geometrical factors, including the diameter and
thickness of the LaB6 disk, as well as its distance from the
heater. Therefore, a heating test was conducted to investigate
the relationship between Pheat and the surface temperature of
LaB6 in the present plasma source. Figure 3(a) shows the
setup of the heating test. In a vacuum environment, Pheat up
to 2.7 kW with the heating current, Iheat, up to 70 A was sup-
plied to the C heater, and the surface temperature of the LaB6

Fig. 2. (a) Cross-section of the DC arc plasma source and (b) magnetic
field lines in the plasma source.

disk was measured using a two-color pyrometer through a
quartz window. The vacuum chamber was water-cooled in
the same manner as during actual plasma operation. The
highest temperature was not observed at the geometric center
of the cathode with r of 0 mm, rather near the center of one
LaB6 segment. Therefore, the pyrometer was aligned with the
peak temperature location. The temperature difference
between the peak region and the edge of the segment was∼ 60°C at Pheat = 2.7 kW. The temperature of the C heater
was also measured by removing one LaB6 segment. In addi-
tion, the temperatures of the surrounding components were
measured with five K-type thermocouples (TCs). TC1 was
mounted on the backside of the boron nitride (BN) base; TC2
and TC3 were placed symmetrically on the outer radial side
of the Mo radiation shield; TC4 and TC5 were installed on
the outer radial side of the Mo cathode holder, 6 mm down-
stream (anode side) and 10 mm upstream (opposite to the
anode side) from the LaB6 surface, respectively. Figure 3(b)
shows the Pheat dependence of the temperatures. At Pheat =
2.7 kW, the surface temperature of the LaB6 reached 1,680°C,
while the C heater reached 1,790°C. Although the surrounding
structures were also heated, the LaB6 cathode was most effi-
ciently heated. Since an LaB6 surface temperature of 1,500°C
was sufficient for initiating He plasma discharge, Pheat of
2.0 kW was adopted for the experiments in this study. After
discharge initiation, the cathode was further heated by the
plasma itself as Isrc increased, which required Pheat to be
reduced to below 1.0 kW in order to suppress LaB6 erosion.

Fig. 3. (a) Schematic of the heating test setup and (b) Pheat dependence
of the temperatures.
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2.3 Pulsed plasma generation
Figure 4 shows the discharge circuit. In parallel with the

DC power supply used for steady-state plasma generation, a
capacitor bank (CB) system was installed to transiently
enhance the discharge power, Psrc. The CB system consisted
of eight identical sections. Each section included a capacitor
with an electrostatic capacitance of 480 µF, an inductor with
an inductance of 20 µH, and an anti-reversal diode. Although
not shown in the figure, the CB system was also equipped
with a dedicated charging circuit for the capacitors. The stored
energy in the capacitors was released through thyristor switch-
ing into the plasma through ohmic heating. The maximum
capacitor voltage, Vpulse, was 1 kV; in this study, Vpulse was
varied between 200 and 500 V. An analog-digital converter
(Yokogawa 720254) was used to acquire Vsrc, reduced by a
voltage divider, and Isrc, measured by a shunt resistor, over
the entire period covering before, during, and after the pulse.
An 0.1 Ω shunt resistor also serves to stabilize the DC dis-
charge.

3. Experimental Results
3.1 Steady-state plasma parameters

Figure 5 shows the radial profiles of ne and electron
temperature, Te, measured by the Langmuir probe at z =
0.514 m, with Isrc varied among 30, 40, and 50 A. The FWHM
of the ne profile was ∼ 15 mm, which is wider than the diam-
eter of the floating electrodes. This broadening is considered
to be caused by diffusion. An increase in Isrc led to a corre-
sponding increase in both ne and Te. At Isrc = 50 A, the peak
values at the center reached ∼ 2 × 1019 m−3 for ne and 6 eV
for Te.
3.2 Discharge waveforms during pulse

Figure 6 shows the temporal evolutions of Vsrc, Isrc, andPsrc during pulse discharge. The trigger time of the pulse cor-
responds to t = 0 ms. Here, Psrc is defined as the product ofVsrc and Isrc. For Vpulse values of 300 and 500 V, transient
increases in Vsrc and Isrc resulted in enhancements in Psrc of∼ 23 and 90 kW, respectively.

3.3 Temporal characteristics of ion current
response to pulsed power input
Figure 7 shows the time evolutions of Psrc, Iprobe at z =

2.29 m, and Itarget under various Vpulse conditions ranging
from 200 to 500 V. Data acquisition during the pulse was
performed 24 times under the same Vpulse conditions, and all
waveforms were conditional-averaged to ensure high relia-
bility. After the pulse was initiated, both Iprobe and Itarget
increased compared to their steady-state values, indicating an
enhancement of ne during the pulse. The magnitude of these
increases became larger with increasing Vpulse, reaching ∼ 2–3
times the steady-state values at Vpulse = 500 V. Although the
pulse width indicated by Psrc was less than 1 ms, both Iprobe
and Itarget exhibited longer responses of ∼ 5–6 ms. In addi-
tion, a transient drop in Iprobe and Itarget was observed before

their maximum values in cases where Vpulse ≥ 400 V. This
transient drop was not evident under lower Vpulse conditions.
Since Psrc exhibits a round-shape waveform, the pulsed plasma
generated near the source region did not have such a transient

Fig. 4. Discharge circuit for compatible operation of steady-state DC
discharge and transient pulse by a CB system.

Fig. 5. Radial profiles of (a) ne and (b) Te measured by the Langmuir
probe at z = 0.514 m with Isrc of 30, 40, and 50 A.

Fig. 6. Time traces of (a) Vsrc, (b) Isrc, and (c) Psrc during a pulse atVpulse of 300 and 500 V. The trigger time of the pulse is defined
as t = 0 ms.
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loss, and the observed attenuation was likely influenced dur-
ing its propagation. The transient reduction of ion fluxes att ∼ 1 ms is discussed in detail in Sec. 4, with a focus on the
influence of recycling neutrals on plasma parameters and
atomic processes.

3.4 Transient response of floating potential to
pulsed plasmas
Figures 8(a) and (c) show the floating potentials of the

floating electrodes during the pulse. Under the steady-state
plasma conditions, the floating potentials gradually become
high from electrode #1 to #7, indicating a continuous poten-
tial gradient from the cathode to the anode. When the pulse is
superimposed, the continuous potential distribution from the

Fig. 7. Time evolutions of (a) Psrc, (b) Iprobe at z = 2.29 m, and (c)Itarget during the pulse for various Vpulse values ranging from
200 to 500 V.

electrode #1 to #7 remains unchanged. However, the floating
potentials of all electrodes deepen, suggesting an increase inTe in the source region. The pulse duration shown by the
floating potential response was less than 1 ms, and unlikeIprobe and Itarget, it did not exhibit a prolonged response at the
floating electrodes.

Figures 8(b) and (d) show the floating potentials mea-
sured by the Langmuir probe at z = 2.29 m and r = 0 mm and
the target plate. The decrease in floating potentials caused by
the pulse input continued for less than 1 ms at the probe and
the target, consistent with the behavior of the floating elec-
trodes. Although the distance between the Langmuir probe
and the target plate is only 20 mm, the floating potential at the
probe was lower than that at the target. This is likely because
the probe measures the plasma center, whereas the target
integrates signals over a broader region.

The above results indicate that the floating potential
responds on a time scale comparable to Psrc. The difference in
response time observed in the floating potential and ion flux
might be attributed to the different behaviors of electrons and
ions. This point will be discussed in Sec. 4. Figure 8(d)
shows that, at Vpulse = 500 V, both the probe and the target
plate exhibited a period in which the potential became higher
than that in the steady-state phase after the negative peaks att ∼ 1 ms. This behavior implies a temporary decrease in Te
compared with the steady-state phase and will be discussed
in Sec. 4 along with the transient suppression of Iprobe andItarget.
3.5 Observation of atomic processes using a

filtered high-speed camera
Figure 9 shows the time evolution of the emission inten-

sity observed by the high-speed camera for Vpulse = 300 and
500 V, including total emission (w/o filter), low-n emission

Fig. 8. Time evolutions of floating potentials of (a) and (c) the floating electrodes of the plasma source and (b) and (d) the Langmuir probe at z = 2.29 m
and the target plate with Vpulse of 300 and 500 V, respectively. The label “Chamber” is the water-cooled chamber surrounding the cathode shown
in Fig. 2(a).
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(He I: 23P–33D), and high-n emission (He I: 23P–53D). The
z-axis corresponds to the central pixel in the view, and the
radial emission profiles at each time frame are extracted and
arranged along the t axis. The data were averaged over eight
pulses. For Vpulse = 500 V, the pulsed discharge was not sta-
ble. Therefore, the flow rate of discharge gas was increased
from 170 to 200 sccm only for the high-speed camera mea-
surements at 500 V. Since the discharge waveforms during the
pulse remained the same, qualitative comparisons are consid-
ered valid.

Figure 9(a) shows that, for Vpulse = 300 V, a strong emis-
sion is observed by the pulsed plasma onset, followed by a
narrowing of the plasma column. The low-n emission shown
in Fig. 9(b) indicated similar trend, and the high-n emission
in Fig. 9(c) was weak. This suggests that the response in the
total emission to the pulse is mainly determined by the direct
excitation processes to the lower-excited states. Figure 9(d)
shows, for Vpulse = 500 V, the strong emission at pulse onset
and subsequent plasma narrowing, similar to the 300 V case.
However, two differences are identified in Vpulse = 500 V
case: a second emission peak appears around t = 1 ms, and
the duration of the plasma narrowing and attenuation is
longer. The first emission peak shows a similar trend to the
low-n emission in Fig. 9(e), suggesting that excitation to
lower-excited states was dominant similar to the case at 300 V.
In contrast, at the timing of the second emission peak, Fig. 9(f)
shows that high-n emission is also observed, suggesting that
a number of atoms in higher-excited states are generated at
that moment.

4. Discussion
4.1 Increase in temporal width of ion current

during pulses
The experimental results revealed that the response

durations of Iprobe and Itarget were longer than the pulse width
indicated by Psrc, as shown in Fig. 7. In contrast, the floating
potential measurements obtained from the floating elec-
trodes, probe, and target plate showed that the floating poten-
tials at all positions responded on the same time scale as Psrc,
as shown in Fig. 8. This indicates that only the ion fluxes, as
represented by Iprobe and Itarget, responded more slowly.

When pulsed Vsrc is applied, high-energy electrons are
generated from the plasma source, and some electrons can
reach the target plate, contributing to the observed reduction in
the floating potential. Such energetic electrons have also been
observed at the beginning of ELMs and have been discussed
in JET [22]. Because these energetic electrons are transported
rapidly, the pulse widths indicated by Psrc and the floating
potential at the target are identical. However, some of these
high-energy electrons can ionize background He atoms. Under
high Pn conditions, their influence is known not to appear as
enhanced ionization but rather as a suppression of recombi-
nation processes [3, 23]. In this study, since Pn was low
(∼ 0.3 Pa) and the plasma was not in a recombining state
under steady-state conditions, it is expected that ne increases
along the entire path from the anode to the target due to
ionization by high-energy electrons. The ions produced by
ionization are transported toward the target at a velocity sig-
nificantly lower than that of electrons, typically on the order
of 10–20% of the ion sound speed, Cs [24–27]. Assuming a

Fig. 9. Time evolutions of radial profiles of (a, d) total emission (w/o filter), (b, e) low-n emission (He I: 23P–33D), and (c, f) high-n emission (He I:
23P–53D) at Vpulse = (a-c) 300 and (d-f) 500 V, respectively.
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bulk Te ∼ 6 eV, Cs is estimated to be ∼ 9,400 m/s. Given the
2.31 m distance between the anode and the target, ions trav-
eling at 10–20% of Cs would require roughly 1–2 ms to reach
the target. The observed response time of Itarget was ∼ 6 ms,
slightly longer. However, this can be reasonably explained by
the presence of low-Te plasma components in the periphery,
which would reduce Cs. Therefore, the difference in response
duration of Iprobe and Itarget from Psrc is attributed to the dif-
ference in transport time between electrons and ions.

4.2 Transient attenuation of ion flux under high
pulsed power conditions
From the experiments, both Iprobe and Itarget increased at

the pulse onset but showed a transient suppression before
reaching their peak values, as shown in Figs. 7(b) and (c).
This behavior appeared only under high Vpulse conditions.
The suppression of ion flux occurred at t ∼ 1 ms, at which the
floating potential at the unbiased target became higher than
that under steady-state conditions, as shown in Fig. 8(d).
This increase in the floating potential suggests a reduction inTe after the pulse arrival. In He plasmas, Te below 1 eV
enhances electron-ion recombination (EIR) [28–30], which
neutralizes ions, resulting in the Itarget decrease. In recombin-
ing plasma, the population of high-n states is likely to be deter-
mined by the EIR processes. Therefore, high-n emissions are
indicators of EIR processes [31]. Filtered high-speed camera
measurements revealed the presence of highly excited atoms
during the second emission peak at t ∼ 1 ms only whenVpulse = 500 V, implying that Te may have been sufficiently
decreased to trigger the EIR processes. To reduce Te, enhance-
ment of plasma-neutral interactions is necessary, but the cur-
rent background Pn ∼ 0.3 Pa is insufficient. A plausible
explanation is that the pulsed plasma input in the target gen-
erated a substantial number of recycling particles, causing
the target to act as a transient neutral gas source. This could
locally increase Pn near the target immediately after the onset
of the pulse. Moreover, the amount of recycling is likely to
be greater at higher Vpulse, resulting in a significant contribu-
tion. The stronger and longer suppression of the emission
after the pulse input at Vpulse = 500 V is likely due to the
generation of more recycling neutrals, which have a greater
impact on plasma. Even at Vpulse = 300 V, although EIR pro-
cesses are not triggered, the emission intensity decreases and
the emission region narrows due to plasma cooling caused by
recycling neutrals. The duration of the suppression is consid-
ered to be determined by the residence time of these neutrals
before being evacuated.

Similar effects have been observed in Magnum-PSI
experiments, where recycling particles produced by a pulsed
plasma influenced subsequent pulses and truncated Itarget [5].
These effects were observed only under low Pn conditions,
indicating that momentum transfer from recycling particles
directly to ions in the pulsed plasma plays a significant role
when background neutrals are not sufficient to cause scatter-
ing. In Magnum-PSI, Itarget increased by a factor of 10 during
the pulse compared to the steady-state phase, suggesting sub-

stantial recycling during the pulse. In contrast, the increase inItarget by pulse in TPD-II was only a factor of 2 to 3, indicat-
ing a lower enhancement of recycling. Nevertheless, similar
plasma behavior, i.e. the transient attenuation in the ion flux,
was observed. This similarity, despite the difference in recy-
cling magnitude, validates the design concept introduced in
the present study. As intended, the compact chamber geome-
try (143 mm diameter) of TPD-II enabled the confinement of
scattered recycling neutrals, which likely re-entered the
plasma region and locally enhanced Pn. The low-Pn condition
also highlighted the influence of recycling particles on tran-
sient plasma behavior. This setup successfully reproduced
effects previously observed in Magnum-PSI, which has a much
larger chamber (500 mm diameter [32]) and where scattered
neutrals are more easily lost. Figure 10 shows a schematic
illustration of temporary and localized enhancement of Pn
immediately after the inflow of the pulsed plasma into the
target. The observed behavior in TPD-II confirms that cham-
ber geometry and neutral confinement strongly influence
transient plasma-neutral interactions. The mechanism is com-
parable to that of closed divertor configurations, where baffle
structures enhance local neutral density to promote plasma-
neutral interactions [33]. Furthermore, in Magnum-PSI, the
reduction in ion flux was observed only in a localized region
near the target and not at the probe located 200 mm upstream.
In contrast, the TPD-II experiment showed reductions in bothIprobe and Itarget, with the impact extending as far upstream as
the high-speed camera position, suggesting a broader spatial
impact. By considering the mean free paths, recycling neu-
trals emitted from the target are unlikely to be ionized before

Fig. 10. Schematic illustration of the impacts of recycling neutral par-
ticles on the temporary increase in Pn, resulting in the sup-
presparsion of pulsed plasma by the EIR processes.
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reaching the camera observation position but are likely to be
scattered by collisions with pulsed ions. However, due to the
effective confinement of neutral particles, it is considered
plausible that the resulting increase in Pn can propagate
upstream and influence the plasma behavior at the high-
speed camera position. Because EIR processes play a signifi-
cant role in mitigating heat fluxes [34–36], the phenomena
revealed in this study may provide new insights into the issue
of excessive heat loads on divertor targets. To further investi-
gate the extent of the influence of recycling particles, future
studies should include time-resolved measurements of Pn and
high-speed camera diagnostics along the z direction to deter-
mine how far upstream these effects propagate.

5. Conclusions
The linear plasma device TPD-II was reactivated and

upgraded to enable both pulsed plasma and liquid-metal flow
experiments. As an initial investigation, experiments were
conducted to examine the effects of pulsed plasma superim-
posed on steady-state plasma using a capacitor bank system.
Langmuir probe and target plate measurements revealed that
the temporal responses of the ion currents were longer than
the pulse duration indicated by Psrc, which can be attributed
to the slower transport of ions compared to high-energy pre-
cursor electrons. At higher Vpulse, both Iprobe and Itarget
exhibited transient attenuation before reaching their peak val-
ues, accompanied by a temporary increase in floating poten-
tial, suggesting a reduction in Te and the onset of EIR
processes. Filtered high-speed camera observations supported
this interpretation through the detection of high-n He I emis-
sions during the period. These results imply that a number of
recycling particles generated at the target locally increased Pn
immediately after the input of the pulsed plasma to the target,
promoting plasma-neutral interactions and transient cooling.

The upgraded TPD-II device provides a new experimen-
tal platform for investigating transient plasma-neutral and
plasma-material interactions under pulsed heat loads. These
findings contribute to the fundamental understanding required
for designing heat load control and mitigation schemes in
future fusion reactors.
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