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ABSTRACT 

 

The injection of non-symmetric pellets are one of the 

key issues to construct more realistic thermonuclear 

fusion chambers both for inertial and magnetic fusion 

power plants. Here we propose a new scheme for this 

purpose with the reform of injector-chamber systems. We 

describe the main line to inject pellets at first, after which 

we show how the new project must be put forwards. As 

such injectors are expected to be placed as near as 

possible to the chamber walls, we investigated the 

endurance against the pulsed high heat flux. The 

candidate structural materials were W and SiC. They 

were irradiated by ArF laser and the craters were 

measured with displacement sensors (surface profilers). 

As a simple result, the strength of SiC was found to be 

about a half of W. As an extension and spinoff of recent 

research with commercial displacement sensors, two 

kinds of research topics are described here. One is 

optical monitor for inner surface of fusion chamber 

including a divertor and first and/or diagnostic window 

walls from the point of chamber safety. The other is new 

proposal to measure and/or calibrate the thin thickness of 

nano-particles to promote the inner wall cooling of the 

near future fission power plants. 

 

HOW TO INJECT PELLET AND IGNITION 

LASER LIGHT 

 

 An example of pellet-laser injection method is shown in 

Fig.1. A pellet injector is placed on the central axis of the 

system. The pellet with a cone must be injected to the 

right direction to keep the flight stability. The ignition 

laser light is launched along the peripheral region to 

neglect the pellet-laser collision. The multiple 

pellet-laser injector system is also possible with this kind 

of configuration. In the case of pellet with double cones 

and double laser-pellet injectors as is shown in Fig.2, the 

 

 

 

 

 

 

 

 

 

Fig.1 Pellet-laser injection system for stable propagation 

in case of single cone. 

 

injection process must be arranged as follows. The first 

pellet with the larger cone at the left hand than the right 

is injected from the left side and ignited with ignition 

lasers from the both sides, and the second pellet with the 

larger cone at the right hand than the left is injected from 

the right side and ignited with the ignition lasers from 

both sides. We repeat these processes under the repetitive 

operation. The more multiple pellet-laser injector system 

is also possible with this kind of configuration. 

 

 

 

 

 

 

 

 

 

 

Fig.2 Pellet-laser injection system for stable propagation 

in case of double cones. 

 

USE OF 3D PRINTER FOR TEST PELLET 

PRODUCTION 

 

Pellets with various materials and shapes are produced 

with a 3D printer to make the flight stability tests. Fast 

framing cameras and displacement sensors are used to 

measure the pellet flight statuses. As the pellet injector is 

expected to be located as near as possible to the object 

chamber point, the hazardous atmosphere by the ignition 

is very severe for the structural material of the injector. 

So that, the material endurance must be well investigated 

before the project is realized. Our former proposal to 

evaluate the erosion threshold is useful for this purpose.  

 

ENDURANCE EVALUATION OF STRUCTURAL 

MATERIALS FOR INJECTORS 

 

Typical candidate materials for the pellet injectors are 

W and SiC. We irradiated these samples with pulsed ArF 

laser light (wavelength 193nm, pulse width 10ns, pulse 

repetition frequency 10Hz, laser light spot size 

0.40x1.5mm2 and 0.44x1.35mm2 for W and SiC, fluence 

per pulse at the beam center 14J/cm2 and 8.6J/cm2 for W 

and SiC). The small craters on the surfaces (7 and 9 

points) are shown in Fig.3 together with a scale. The left 

is W, and the right is SiC. The size of the samples was 

about 20x20mm2. Multiple irradiations per spot were 



made for the respective crater formation.  

The respective 3D shape of crater was measured with a 

surface displacement sensor. The maximum crater depth 

was plotted as a function of the multiple laser shot 

number. The result is shown in Fig.4. As the laser fluence 

of SiC was about half of W, we could conclude that the 

endurance strength of SiC is about half of W. Precise 

surface condition was observed with microscope.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Craters produced with ArF laser irradiation, the 

left is W and the right is SiC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Endurance evaluation with maximum crater depth. 

 

OPTICAL MONITOR FOR INNER SURFACE 

INSPECTION WITH DISPLACEMENT SENSORS 

UNDER HAZARDOUS ENVIRONMENT 

 

A commercial CVD poly-crystal diamond is proposed 

to be used as the plasma facing structural elements to 

monitor the inner state of the fusion chambers including 

diagnostic window, first wall, limiter and divertor by us. 

A preliminary experiment was performed to show the 

possibility with a commercial displacement sensor. As 

far as the thickness of the diamond was less than a value, 

we could observe the thickness of the sample with the 

detection of the both surfaces. This meant that the change 

of the inner surface could be observed. This result is very 

interesting to develop the safeguard monitor for various 

chambers under extreme conditions.  

 

THIN THICKNESS CALIBRATION OF 

NANO-PARTICLE THIN FILM 

 

The nanoparticle thin film coating of the inner vessel 

for the nuclear fission power plant is one of the most 

useful methods in the near future R & D. To measure the 

film thickness, we proposed the use of commercial 

displacement sensors. The qualitative thickness is 

obtained only with such sensors, while the quantitative 

thickness is obtained both with such sensors and an 

additional laser induced spectroscopy of the film 

ablations. The latter is used only for calibration stage.  

 

REMARKS FOR RECENT RESEARCH TOPICS 

 

One of the fast ignition burn groups is proposing an 

application of extremely strong magnetic field produced 

with high power laser induced high current to enhance 

the fast ignition pellet burn efficiency. When the first 

author of this report heard this idea during the two recent 

meetings, he worried about the realization of such 

scheme. If the skin effect is prominent under such 

experiment, such high magnetic field cannot enter the 

pellet surrounding. This means that such scheme seems 

impossible to be realized.  The concerned members who 

are interested in such scheme are strongly recommended 

to discuss the possibility before such project is admitted 

to start.  

During the most recent two other meetings, there were 

presentations concerning the helium gas pumping out 

from the rather low pressure LHD chamber. The 

difficulty in helium pumping out stopped the main 

plasma discharge to produce objective dusts, while the 

same kind of helium pumping out rate from the new 

divertor region was not enough high in the associated 

experiments. These reports are telling us that more 

intensive research works should be continued in the near 

future for our main purpose to realize. 
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