
 
Introduction 

Tungsten (W) and its alloys are primary candidates for 
plasma-facing materials in fusion reactors owing to 
properties such as low sputtering yield, low hydrogen 
permeability, and high melting temperature. In the present 
study, the interaction between D and radiation-induced 
defects in pure W was experimentally investigated by 
comparing the spectra of implanted D obtained using 
thermal desorption spectroscopy (TDS) and the 
microstructures of samples subjected to different heat 
treatments and levels of mechanical deformation.  

Results1)  
A pure W sheet obtained from Nilaco Co. Ltd. in Japan 

(0.1 mm-thick, 99.95% purity) was used in this study. The 
major impurities of the sheet are Mo(<300ppm), 
Fe(<50ppm), C, Si, O. Ca and Co(<30ppm). Samples for 
TEM observation and TDS analysis were punched from the 
sheet. To estimate the effects of the dislocation density on 
the desorption behavior, the as-received (AR-W) samples 
were annealed at 1173 K for 10 min, 1173 K for 30 min, 
1223 K for 30 min, or 1273 K for 30 min. The samples 
were also stress-relieved at 1200 K for 3 h (SR-W) and 
re-crystallized at 2300 K for 20 min (RC-W). Heavy ion 
(Cu2+) irradiation was performed at room temperature up to 
a dose of 2 displacements per atom (dpa). The peak 
damage region of 400 nm and the displacement damage 
distribution up to approximately 600 nm were calculated 
using the SRIM code with displacement energy of 55 eV.  

Before and after ion irradiation, exposure of the samples 
to 2 keV-D2

+ ions was performed at room temperature up 
to a dose of 1 × 1021 D2

+/m2 in an ultra-high vacuum 
evacuation apparatus equipped with a small 
duo-plasma-type ion gun. After exposure, the samples were 
transferred to the TDS apparatus, where the thermally 
desorbed D gas was measured with a quadruple mass 
spectrometer. Desorption rate for D was calculated from 
the data obtained for the D2 and DH molecules. The 
temperature of the specimens was raised to 1000 K at a 
ramp rate of 1 K/s during this analysis. To understand the 
role of dislocations (pre-existing and introduced by cold 
working) in the desorption behavior of D, the AR-W 
samples were annealed in the temperature range of 
1173–2300 K under vacuum conditions. Fig. 1 shows the 
microstructures of the samples used in the present study. 
The highly accumulated strain and dislocations in the 
grains decreased after annealing above 1273 K. Notably, 
the pre-existing dislocations observed in the AR-W sample 
annealed at 2300 K for 20 min disappeared, and the sample 
was fully re-crystallized. Fig 2 presents the (a) D2 and (b) 
DH thermal desorption spectra obtained for these samples 

after exposure to 2.0 KeV- D2
+ ions up to 1021 D2

+/m2 at 
room temperature. As can be seen in the figure, the peaks 
in the spectra can be classified into groups A, B, and C, 
each of which may have sub-peaks. Peak A was detected in 
the temperature range of 330–420 K. In this temperature 
range, most of the D was desorbed as D2, and trapping of 
the D increased after heavy deformation but decreased 
following pre-annealing above 1173 K. In addition, the 
cold working (rolling) of a re-crystallized sample led to an 
increase in peak A. Single vacancies and dislocations are 
known to be induced by cold working. Therefore, peak A 
appears to be controlled by the density of dislocations and 
single vacancies induced by cold working. Peak B was 
detected in the temperature range of 420–560 K and 
appeared in both the D2 and DH spectra and disappeared 
after annealing up to 1273 K. Peak C was detected only in 
the DH spectra in the temperature range of 660–900 K and 
disappeared after annealing above 1223 K. Furthermore, 
retention of D was significant for peaks A and B but not for 
peak C. Ion irradiation and exposure to D were performed 
at room temperature. As the irradiation dose of Cu ions 
increased, the trapping of peaks A, B, and C also increased. 
In particular, the trapping of peak A at 0.1 dpa and peak C 
at 1.0 dpa was remarkable. 

 
 

 
Fig.1 Microstructure of pure W used in the present study. 
(a) as-received sample (AR-W) (b) annealed at 1173 K for 
10 min. (c) annealed at 1233 K for 30 min (d) annealed at 
1273 K for 30 min. (e) annealed at 2300 K for 20 min. 
(RC-W) (f) recrystallized at 2300 K and 10% cold worked 
Dislocation loop formation of pure W irradiated in the 
temperature range of 300K to 1073K 
 

 
Fig. 2 Thermal desorption spectra for (a) D2 and (b) DH 
from pure W exposed to 2 keV-D2

+ ions up to a dose of 1 × 
1021 D2

+/m2 at room temperature. 
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For advancing modern understanding of plasma turbulence, 
development of a new diagnostic system becomes 
absolutely necessary to be able to observe the whole plasma 
turbulence in every scale, from micro- to macro-scale, 
simultaneously. Tomography is one of the candidates to 
satisfy the requirement. The tomography system needs to be 
equipped with sufficient number of detectors in order to 
resolve micro-scale fluctuations. Moreover, in magnetically 
confined plasma of high temperature, such tomography 
system needs to observe different lights of wavelengths, i.e., 
X-ray, ultraviolet and visible lines for the core, intermediate, 
and edge region, respectively. Thus, we have developed 
such a tomography system with multi-channel and multi-
wavelength detection.  

A prototype detector system for ultraviolet light, 
using fluorescence glass to convert plasma UV to visible 
light, has been made for high temperature plasmas including 
QUEST and some other devices, as is shown in Fig. 
1[1].The plasma facing component (hereafter referred to as 
the light-guide) of the prototype system consists of 
collimators, optical feed-throughs, an optical filter, and its 
housing. Fig. 1 presents (a) the light-guide system, (b) a 
flange with the optical feed-throughs, and (c) a conceptual 
view of the composition of the light-guide. The prototype 
system is made on a CF152 flange in which 45 optical feed-
throughs made of fluorescent glass are implanted. The filter 
housing is located above the flange on the vacuum side but 
below the collimator, and the shape of the housing is an 
octagon covering the optical filter whose shape is also 
octagonal in order to make the opening large enough. 
A bench test has been performed in a RELAX reversed field 
pinch plasma. The typical discharge duration is a few 
milliseconds. Figure 2(a) shows an example of a detected 
UV signal (orange line), while Fig. 2(b) presents the 
temporal evolution of the plasma current (thin solid line). It 
is found that the fluorescence signal still remains after the 

plasma is terminated, since fluorescent emission has an 
afterglow component with a several millisecond delay to the 
absorption. This afterglow effect of the fluorescent light is 
corrected, using the following formula 

, 
where ε and φ represent the plasma emission and the 
detected signal, respectively, with α, β and τ being the rate 
coefficients of UV accumulation and immediate 
fluorescence, and the typical delay time of accumulated 
fluorescence, respectively.  
    Another purpose here is to study turbulence. As an 
initial step, the Fast Fourier Transformation (FFT) is 
performed on the signals. An example of the power spectra 
is successfully obtained as shown in Fig. 2(c). The 
calculation uses 930 ensembles for 62 shots, with a 
frequency resolution of 0.5 kHz. The noise level is 
sufficiently low to evaluate the power spectrum of the 
plasma UV emission. The peak around 8.5 kHz could reflect 
a characteristic magnetohydrodynamic activity which is 
often observed in a reversed field pinch plasma device.  
   Finally, the prototype diagnostics, a key of future 
application, is proven to work, and waits for further 
development of the new diagnostic system for plasma 
turbulence.  
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FIG. 2. (a) Temporal evolutions of ultraviolet emission using the 
prototype system; the orange line represents the raw signal, φ(t); the 
green line represents the afterglow component h(t); and the blue line 
represents the corrected signal _(t). (b) An example of waveforms of 
plasma current, φ(t) and _(t). .Fluctation spectrum observed in UV 
emission with the proposed system using fluorescence glass. 

 
FIG. 1. (a) Light-guide system, (b) the flange with optical feed 
throughs, and (c) a conceptual view of the composition of the light-
guide consisting of the collimators, filter housing, UV optical filter, 
and flange with optical feed-throughs. 
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