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Hydrogen pellet injection is considered as an effective
fueling method for fusion-relevant magnetic confinement
devices. The fueling process typically progresses in three
phases[1]:

1) Ablation and Plasmoid Formation: The solid
hydrogen pellet undergoes ablation, forming a neutral
cloud that subsequently ionizes into a high-density,
low-temperature plasma known as the plasmoid.

2) Plasmoid Expansion and Homogenization: The
plasmoid evolves and expands along the magnetic flux
surfaces, distributing the fuel.

3) Fuel Deposition and Plasma Profile Reconstruction:
The injected fuel integrates with the bulk plasma,
modifying the density profile and completing the
fueling process.

Optimizing pellet fueling scenario requires then a
detailed understanding of both microscopic atomic
processes and macroscopic transport phenomena
throughout the dynamic ablation process.

We have investigated the effect of the injection of
small pellet, having a barrel diameter of 0.6 — 1.2 mm|[2],
on the plasma particle fueling and subsequent
confinement in Heliotron J, a medium-sized helical
device with a major radius (R) of 1.2 m, and a minor
radius (a) of ~ 0.2 m, and a typical magnetic field
strength (B) of 1.25 T.

For the phase 1) we developed a 2D fast visible
spectrometer. The emission collected from the pellet
trajectory is imaged onto a fiber optic bundle arranged in
a 12 x 12 channels 2D imaging array, which is then
rearranged into a 1D array along the entrance slit of the
spectrometer. Non-unity magnification (300/180 focal
ratio of the photographic lenses) allows the large
acceptance (35 mm) of the slit height with good imaging
quality. The reciprocal linear dispersion (RLD) is 3.50
nm/mm for the Hp line at 486.13 nm for 1200 grooves/mm
grating.

Employment of a high-speed camera (Photron
FASTCAM APX-RS) enables the recording of the Stark
broadening of Hp line at the frame rate of 10k fps. The
intensity and density profiles as well as the trajectory of

the ablation cloud were successfully captured, providing a
view of the entire ablation process of approximately 0.4
ms per pellet fraction[3].

For the phase 2) we have developed the event-triggered
Thomson scattering system which enables the tracking of
bulk plasma profile with an arbitral interval (= 0.32 ms)
from the ablation event using the Ho emission signal as
the trigger[4]. Subsequently, a high-speed camera
(Photron FASTCAM SAS) operating at 100k fps captured
the perturbation of emission intensity from the ablation
cloud[5]. This can also be regarded as the initial stage of
the homogenization process.

The response of bulk plasma parameters, the phase 3),
to the pellet ablation is characterized by a cold pulse
during which highly charged impurity spectra suddenly
disappear while those from lower charged ions increase.
After several milliseconds, the spectra from the highly
charged ions reappear, reaching levels higher than before
ablation, correlating with an increase in stored energy
signal(Wp). This behavior resembles the phenomenon
known as ‘'reheat" mode[6]. Understanding the
mechanisms behind reheat mode and the impurity
behavior will provide significant insight into high-
performance plasma achievement[7].
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