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1. Introduction 

 

Fast-neutron imaging is a non-destructive testing 

method similar to the well-known X-ray and gamma- 

rays imaging techniques. Neutron can provide a better 

contrast than both techniques, because the interaction 

cross sections and therefore transport properties for 

neutrons and X-rays in matter are very different. 

The cross section for neutrons depends on the 

specific   nucleus   and   its   nuclear   structure.   Light 

elements in combination with heavier elements are 

difficult to image with X-rays, since they provide very 

little contrast [1, 2]. From this point of view, fast- 

neutron imaging technique is useful technique not only 

for fusion applications but also industrial applications 

such as inspection of defects in casting and so on [3-6]. 

On the other hand, according to the increasing of 

power of the deuterium-deuterium (D-D) plasma 

operation of the KSTAR every year, performance 

and reliability of devices and components of vacuum 

vessels under the KSTAR plasma operation is one of 

critical issues in safety concerns. The D-D plasma 

operations have performed with ohmic heating and 

auxiliary heating such as neutral beam injection (NBI) 

and ion cyclotron range of frequency (ICRF).   

Especially, the neutral beam injection (NBI) system is 

essential for the next-step in fusion research devices, 

such as the International Thermonuclear Experimental 

Reactor (ITER), for an auxiliary heating and current 

drive to achieve long pulse or continuous steady-state 

burning experiments [7]. 

A defect of devices and components of vacuum 

vessels can cause a failure of the plasma operation. 

This work aims to demonstrate applications of fast- 

neutron imaging in various fields including tokamaks. 

In order to carry out this work, a fast-neutron imaging 

technique has applied to investigate the cause. 

More details will be described in this paper. 

 

 

2. Experimental  

 

In this work, we have used a film-based fast- 

neutron imaging technology [1]. And then a series of 

measurements of film-based fast-neutron imaging have 

carried out by using the SODERN pulsed DD neutron 

generator (GENIE35 model) with neutron fluence of 

108 n/sec.  

Fig.2 shows a schematic drawing for the film-

based fast-neutron imaging in this work. As shown in 

the figure, the film was directly exposed to the 

neutrons. 

 

 
Fig. 1. Schematic drawing for the film-based fast-

neutron imaging in this work. 

 

For the fast-neutron imaging by film method, an 

accelerating electrode of NBI to be tested as shown 

in Fig.1 was placed on the front of film.  

 

 

 
 

Fig. 2. Photograph of a n  accelerating electrode of 

NBI. In the figure, the red box represents a defective 

site. 
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3. Results 

 

The resulting imaging of accelerating electrode of 

NBI is shown in Fig. 3. It was obtained the fast-neutron 

imaging with an industrial X-ray film using the 

commercially available D-D neutron generator having 

neutron yield of 108 neutrons/sec.  

The defect of the accelerating electrode is clearly 

seen in Fig. 3. It is found that the fast neutrons are 

passed with ease through metals, and the integrity of 

materials made of high-Z elements can be investigated 

preferably with neutrons.  

 

 

 
Fig. 3 Photograph of the fast-neutron image for 

the accelerating electrode of NBI. The red circle in 

the figure indicates the enlargement of defective site. 

 

 

Therefore, fast neutron imaging can be considered as a 

complementary technique to X-ray and Gamma-rays 

imaging if the composition of the sample requires 

visualization of light materials in the presence of high-Z 

materials. 

 

4. Conclusions 

 

We have demonstrated the fast-neutron imaging 

technique can be extended the applicability of the 

fast- neutron imaging for fusion applications as well 

as industrial applications. 

In the work, it was obtained the film-based fast-neutron 

images using commercially available D-D neutron 

generator.  

In conclusion, the film-based fast-neutron imaging 

technique is acceptable for the applicability of the 

fast-neutron imaging techniques in a wide range of 

areas, even though the digital imaging method on the 

basis of CCD camera offers highest speed comparing 

to the film-based imaging technique. The present 

result is rather preliminary and further study will be 

needed. 
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