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High-Z impurities such as tungsten have an adverse impact on the performance and stability 

of tokamak plasmas due to the amount of radiation - mainly in the soft x-ray (SXR) range 

(from 1 to 20 keV) - they emit. Understanding the mechanisms of impurity transport and 

identifying actuators for control of the core impurity content are key issues to be addressed in 

ITER. Soft x-ray tomography will play an important role in this since it allows the 

reconstruction of 2D impurity density profiles. During the ITER D-T phase, the gamma and 

neutron radiation will not allow usual soft x-ray diagnostics such as semiconducting diodes to 

operate. More radiation resilient gas detector technologies, such as the LVIC (Low Voltage 

Ionization Chamber) are considered. This paper investigates the capabilities of a SXR 

tomography system using LVIC detectors and its application to ITER is discussed. 

A synthetic diagnostic tool of the LVIC was developed in order to compute its signal under 

SXR irradiation. The detection is simulated accurately by taking into account the atomic 

physics processes taking place in the LVIC for different gases (argon and xenon). The 

influence of the chamber depth is discussed as well. Calibration of the detector output is 

discussed and an original method is proposed. 

This tool has been applied to ITER in the case of a standard high power D-T scenario in the 

current ITER SXR geometry. The measured signal obtained in this setup is encouraging as it 

is much higher than the expected noise level. 

The fitness of the ITER SXR lines-of-sight geometry was estimated through the reconstruction 

of phantom emissivity profiles using line integrals. This study concluded that the current 

geometry allows very good reconstruction of poloidally symmetrical profiles. However, 

poloidally asymmetric profiles (e.g. MHD modes or impurity accumulation) were badly 

reconstructed due to a lack of line-of-sight overlapping in the plasma. Additional geometries 

incorporating vertical lines-of-sight have been investigated and showed a good reconstruction 

of poloidally asymmetric profiles. A geometry which complies with the ITER geometry and 

radiation environment was proposed. 

This geometry was coupled with the outputs of the synthetic diagnostic tool in order to 

demonstrate the capabilities of the LVIC for tomographic reconstruction. The influence of the 

calibration method was shown and the tomographic reconstruction with an ideal calibration 

was presented in order to show the upper limit of the system capabilities. Differences in terms 

of spectral response were observed depending on the gas used in the LVICs as xenon could 

reconstruct a much wider energy range than argon. 

The estimated levels of noise due to neutrons and gammas have been computed using MCNP. 

The influence of noise on tomographic reconstruction has been studied and the results are 

encouraging as the local emissivity is accurately reconstructed in the plasma core with up to 

2% of noise.  

This study concluded that the LVIC is a fitting candidate for SXR tomography on ITER. 

Further study is required to estimate if a design modification of the detector can allow energy 

discrimination.   
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