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Three Soft X-ray(SX) detector systems are installed into Heliotron J for tomographic analyses of 
Magnetohydrodynamics(MHD) phenomenon. The main purpose of the study is to analyze the MHD 
equilibrium and stability by using SX Computer Tomography (SXCT) plasma image reconstruction. We 
observed MHD instabilities and modification of MHD equilibrium, so called Shafranov shift, but two SX 
detector systems were not used  for CT but for measurement of MHD instabilities. In this paper, we 
report the improvement of the SX detector systems, the measurement result, and reconstruction plasma 
image.  

 
1. Introduction 
 MHD phenomena often degrade the performance 
of plasma confinement in fusion plasmas. It is 
necessary to clarify the behavior of pressure-driven 
MHD phenomena in high density corresponding to 
high beta plasmas because such MHD instabilities 
give rise to movement of plasma and 
stochastization of magnetic surfaces. We analyzed 
the MHD phenomena by using Soft X-ray 
measurement consisting of two diode arrays with 20 
sight-lines each. As a result, MHD instabilities such 
as interchange mode and fast-ion-driven MHD 
instabilities and modification of MHD equilibrium 
so called Shafranov shift at plasma core region  
were observed [1]. 
 Two-dimensional image of SX local emission 
estimated by computer tomography CT is a 
powerful method to know the behavior of MHD 
equilibrium and instability. The arrangement and 
the number of sight-lines were not optimized for 
SXCT in previous system with 40 sight-lines. We 
optimized SX measurements due to the increase in 
the number of sight-lines and rearrangement of 
sight-lines in order to increase the accuracy of 
reconstruction of SX by SXCT.  
 In this paper, we report the improvement and 
experimental result of SXCT in Heliotron J. 

2. Soft X-ray Measurements and Their 
Optimization 

 Bremsstrahlung is emitted from electrons in high 
temperature plasmas in the range of SX. The SX 
measurement is an effective method to measure the 
behavior of MHD equilibrium and instability. Our 
SX measurement uses a pinhole type camera which 
consists of a AXUV-20EL Si diode linear array 
with 20 channels, thin Al filter with 5 µm thickness 
corresponding to the cut-off energy of 0.75 keV. 
 Figures 1 (a) and (b) show the arrangement of 
previous and new SX measurements, respectively. 
In the previous SX measurement, there is a lack of 
measurable region in the magnetic surfaces because 
we focused on the measurement of radial profile of 
MHD instabilities at plasma core region with high 
spatial resolution, as shown in Fig. 1 (a). In order to 
increase the accuracy of SXCT, we optimized the 
arrangement of sight lines and increased the number 
of sight lines by installing a new SX diode array 
and then the number of sight lines is increased from 
40 to 60 in order to cover the whole plasma 
confinement region, as shown in Fig. 1 (b). 
 We apply a Thikhonov-Phillips regularization 
method with the minimum generalized cross 
validation (GCV) value to the SXCT for both 
optimization of SXCT and analysis of experimental 
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data. The Thikhonov-Phillips regularization is the 
most commonly used method against the ill-posted 
data which has noise and lack of sight lines. It is 
also known as the constrained linear inversion 
method [2,3]. 
 Figure 2 shows the estimated radiation profile 
“phantom” image by taking into account, 
reconstructed local emission for previous systems 
with 40 sight lines, reconstructed local emission for 
new systems with 60 sigh-lines, and 1-D profile of 
phantom, previous and new SX measurement as a 
function of pixel for the error estimation. We 
assume the electron temperature and density of 
ne(ρ) = 1x1019(1-ρ2) [m-3] and Te(ρ) = 1x103(1-ρ8) 
[eV]. Result of the previous SX measurements has 
up-down asymmetry although estimated phantom 
has up-down symmetry because the previous 
system has a lack of sight line shown in Fig. 1. We 
can reduce the error which is defined by the root 
mean square of residual value between phantom 
and reconstructed data, from 10.60 % to 7.81 %. 
Therefore, we designed new SX measurement 
based on this optimization. 

 
Fig. 1, Arrangement of sight lines of (a) previous and (b) 
new ‘optimized’ SX measurement. 

 

 
Fig. 2, Optimization of SX measurement. (a) 
phantom,(b) and (c) reconstructed SX emission by 
Thikhonov-Phillips regularization for previous and new 
SX measurement, (d) 1-D profile for phantom and 
reconstructed data with residual error. 

3. Method of the SXCT 
 We apply Thikhonov-Phillips regularization to 
experimental SX data, shown in Figs. 3 (b)~(d). 
Figure 3 (a) shows the reconstructed experimental 
data at t=270 ms of the plasma corresponding to 
Figs. 3 (b)~(d). We have successfully reconstructed 
experimental data of SX by using the new SX 
measurements.  That’s not only reconstructed the 
plasma core region, but the region around. 
According to the above results prove that increase 
the accuracy of reconstruction of SX by SXCT in 
Heliotron J. 

 
 
Fig. 3, (a) reconstructed image of SX signal in 
experiment,t = 270ms. (b) ~ (d) time evolution of upper, 
inner and lower SX measurement signal. 
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