
  
Plasma atomic processes such as sputtering and 

backscattering processes have been explored by optical 
emission spectroscopy of excited atoms from the tungsten 
metal surface by ion bombardment. Since neutral atoms 
produced from the wall surface penetrate into the plasma 
across the magnetic fields and they play a role of cooling 
processes of the plasma, the clarification of these 
mechanisms is demanded from the point of the control of 
the fusion plasma. We have already reported that the mean 
normal velocities of excited tungsten atoms sputtered by 
krypton and argon ion bombardments depended on the 
energy difference between work function and ionization 
potential of the excited state, whereas they were almost 
independent on the incident beam energy and species1),2). 

In the present work, we paid attention to the reflection 
processes of the hydrogen atoms by the proton irradiation to 
the polycrystalline tungsten surface at 35keV, and then we 
observed the Hα line. The spatial intensity distribution and 
polarization degree of Hα line from reflected H* were 
observed.  

The experiments were performed in a beam line 
connected with a medium-current ion implanter of the 
National Institute for Fusion Science (NIFS). Details of the 
ion source and beam line are described elsewhere1),3); hence, 
they will be only briefly explained here. The H+ ion beam, 
accelerated to 35 keV, was introduced into a vacuum 
chamber after mass/charge separation. The ion beam entered 
perpendicular onto the tungsten surface. Incident H+ ions 
were neutralized by charge transfer processes at the tungsten 
surface, and excited hydrogen atoms, H*, were produced. 
The polarizer was installed between quartz window and Hα 
band-pass filter. After passing through a quartz window, Hα 
band-pass filter and condenser lens, the Hα image from the 
reflected H* atoms was projected on the two-dimensional 
(2D) charge coupled device (CCD). Each exposure time was 
10 minutes. 

Figure 1 shows a typical CCD image of Hα emission 
from reflected H* atoms. Neutralized H* emitted Hα line 
and were strongly reflected in the direction of 180 degrees 
with respect to the incident beam axis. As the next step, we 
measured the polarization degrees of Hα line from reflected 
H* atoms. The polarization with respect to surface is 
expressed as, 

 
 

where I|| and I  are Hα line intensities polarized along the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. A typical CCD image of Hα emission from 

reflected H* atoms. 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig. 2. The spatial distribution of the polarization 
degrees P of Hα radiation from reflected H* 
atoms. 

 
surface and perpendicular to the surface, respectively. The 
spatial distribution of the polarization degrees P are shown 
in Fig.2. The polarization degrees of Hα had negative values 
when the H* reflected in the direction perpendicular to the 
surface, while they became positive values when the 
reflected H* atoms had parallel velocity component to the 
tungsten surface. In other word, this experimental result 
shows that the Hα lines are aligned to the reflected direction 
of H*atoms. This fact has been predicted by Kato et.al.4)  

A part of these results had been reported at the Plasma 
conference 2014 in Tokimesse, Niigata. 

 
 

  
1) Motohashi K. et.al.: Nucl. Instrum. Meth.B, 283, 

59(2012).  
2) Sakai Y. et al.: Research Report NIFS-PROC-91, 

1,(2013). 
3) Sakaue H.A. et.al.: Proceedings of Plasma conf. 2014, 
18PB-075(2014). 
4) Kato et.al.: J. Phys. Conf. Series, 488, 132012(2014).  

,   
||

||

II
II

P

H+ 

H+ 

Estimation of physical property for tungsten 
possessing nano-structure for fusion devices 

 
Hasegawa, Y. (Saitama Univ.), Nakamura, H. (NIFS) 
  
Tungsten and its composite material have widely used for 
plasma face component for fusion device, i.e. divertor, due 
to hits low sputtering ratio and high melting point. It has 
well known that the physical property is suitable for divertor 
and first wall in fusion devices. Therefore, the surface 
condition of the tungsten has been required to realize not 
only its surface physics but also condition in high 
temperature plasma for keeping high temperature of plasma. 
 Here, tungsten has characteristic property for 
superconducting transition temperature. Although its 
general temperature is nearly 0.01 K, it strongly varied to be 
several K if the impurity like hydrogen is contained inside 
of the tungsten.1) We have tried to investigate new method 
whether its physical property can be detected by using the 
superconducting transition temperature, especially the 
tungsten possessing Nano-structure by plasma damage. 
 The thin poly-crystal tungsten disks (diameter: 
30mm, thickness: 0.2 mm) irradiated by He plasma for 30 
and 60 min were prepared. Figure 1 shows scanning 
electron microscope (SEM) images after bombardment. It 
realized the Fuzz structure reported before has observed at 
the surface of the tungsten disk. The roughness depended on 
the bombardment time. It shows the structure of the crystal 
was broken by high-energy helium ion bombardment that is 
much higher bonding energy of tungsten lattice. By using 
the tungsten possessing the nano-structure, the resistance 
measurement with 4-probe method was done and its 
temperature dependence is shown in Fig.2. Due to its 
thickness, the estimated resistance value at 300 K was 
approximately 60 µΩ, and its value was decreased with 
decreasing the temperature; however, the measurement was 
quite difficult due to low voltage less than several µV even 
if lock-in amplifier was utilized. It should be noticed the 
thickness of the Fuzz structure is less than several µm. On 
the other hand, the thickness of poly-crystal tungsten is 0.2 
mm. Therefore; major influence of the resistance was come 
from the base tungsten. To identify the influence of the Fuzz 
structure, information of several µm thicknesses is required. 
As a next step, very thin tungsten film, less than 1 µm, was 
deposited by sputtering method on the quartz and alumina 
substrates that are sorts of insulator. The tungsten film was 
irradiated by He plasma to obtain the Fuzz structure. After 
checking XRD and SEM observation, the resistance 
measurement will be done. 

 

 

 

Fig.1 SEM observation of the surface of the tungsten plates 
after He plasma bombardment for a) 30 min and b) 60 min. 
 

 
Fig. 2 Temperature dependence of measurement resistance 
of the tungsten disk prepared by using lock-in amplifier and 
preamplifier. The current oscillation was driven by Keithley 
6221 model. 
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