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Prelude of the research 

 
Nowadays both basic energy production nuclear processes (fission and 

fusion) are intensively researched, just think about the research of 4th generation 

fission reactors [US-DOE-2002, OECD-2014], or the ITER [Aymar-2001], or the 

development of Wendelstein 7-X stellarator [Milch-2016]. Besides that, large 

emphasis placed on high energy physics (the discovery of Higgs boson) [ATLAS-

2012, CMS-2012] and the rapidly developing space technology [Accomazzo-

2015, Schmidt-2009]. All of the above mention fields face the problems caused 

by energetic and very high flux radiations. These problems can occur as the 

damage of structural components or as the damage of the applied electronics. As 

the growing demands of the structural components have required the development 

new radiation-resistant steels, alloys [Sun 2015], the electrical detectors and 

diagnostic elements have to deal also with the problems arising from the increased 

radiation levels. Various organizations: ROSE-RD481, RD502, RADECS3, 

NASA4, ESA5, dealing with today the development of theoretical and 

experimental methods to increase the radiation resistance of electronic devices. 

The magnetic confinement fusion is one possible solution to cover future energy 

needs of mankind, however as the size of the fusion devices reaching the power 

plant scale, fusion should face with the problem of the increased radiation fluxes. 

Today's plasmas in experimental fusion devices mainly use deuterium-deuterium 

(D-D) reaction, but this reaction already produces high-energy (~ 2.5 MeV) 

neutrons and gamma rays. In fusion power plants the desired reaction will be the 

(D-T) reaction, where even more energetic neutrons (~14.1 MeV) born with much 

higher fluxes. Both neutron and gamma radiation has good penetrating ability 

which unlike charged particles in the plasma volume neutrons and gammas can 

easily leave the plasma volume and reach the plasma diagnostic systems. 

My results are closely related to the radiation damage of video diagnostic 

systems which are used in Hungarian magnetically confined fusion research. 

These diagnostic devices are mostly based on modern semiconductor technology 

and can detect light with various wavelength. These video systems have 

outstandingly good time and relatively good spatial resolution, however most of 

these cameras are not specially designed to operate in high radiation fields. I have 

examined three systems: the cameras of the Beam Emission Spectroscopy (BES) 

system of the KSTAR tokamak in South Korea, the EDICAM camera of the 

Wendelstein 7-X stellarator and the cameras of the BES system of the EAST 

tokamak in China. 
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Research goals 

 
The aim of the research is the investigation of radiation damage of video 

diagnostic systems used in fusion devices with experimental methods 

(irradiations), with statistical methods (evaluation of the camera signals) and with 

simulation of the radiation fields. In my PhD thesis I have focused on three areas: 

1. The experimental investigation of the radiation damage of the Hungarian 

developed camera called EDICAM which was designed for the 

Wendelstein 7-X stellarator. Model development for the description of the 

damage and the determination of the operational limits of the camera. 

2. The experimental investigation of the radiation damage of the PCO Pixelfly 

camera used at KSTAR tokamak and the simulation of radiation loads of 

the BES system at KSTAR. 

3. Simulation of radiation loads of the BES systems of the EAST tokamak 

focusing on the possible shielding options. 

 

Thesis points 
 

1. I composed a new theoretical model which was capable to describe the dark 

current as a function of the dose rate of the EDICAM camera which was 

destined to the W7-X stellarator. The parameters of the model were 

successfully determined by gamma irradiation experiments. With the help 

of this model and with high gamma dose rate irradiation experiments, which 

were conducted at the Training Reactor of BME, the gamma dose rate and 

dose limits and the operation range of EDICAM were successfully 

established. [1] 

 

2. I developed with MCAM the MCNP model of the KSTAR tokamak and the 

BES system of it. Using this MCNP model I calculated the gamma doses 

the 1 MeV equivalent neutron fluences in the camera positions and the 

sensitivity of the CCD camera according to the neutron induced white pixel 

defects. I also made calculations of the shielding of the KSTAR BES system 

and I estimated the expected life time extension and the increase of the 

signal to noise ratios of the cameras. I developed an experimental technique 

to determine the root cause of white pixel generation of CCD cameras in 

mixed neutron-gamma irradiation environment. This technique was 

successfully applied to the CCD camera of the BES system of KSTAR 

tokamak. I conducted high gamma dose rate irradiations and temperature 

monitored measurements which confirmed that the neutron irradiation is 

responsible for the radiation damage of the camera, gamma radiation had no 

such an effect. [2] 



3. I showed with theoretical calculations that in fusion environment for 

reducing displacement damage of silicon based electronic devices with 

neutron shielding it is more effective to use good neutron moderators than 

to use traditional shielding materials which contain good thermal absorbers 

(10B, 6Li). The optimal shielding will contain good neutron absorbers and 

moderators even on high energies but the lack of these materials can be 

compensated by applying an extra layer of cheap polyethylene. [3] 
 

4. According to my recommendations a new neutron shielding has been built 

around the EAST BES systems to reduce their displacement damage. With 

the help of the MCNP model of the EAST BES I calculated the 1 MeV 

equivalent neutron fluxes in the camera positions and the effects of the 

shielding taking in account the back scattering of the concrete wall of the 

torus hall. Based on the photon spectrum which was produced in (n,γ) 

reactions I determined that these gamma photons can cause only point 

defects in silicon based electronic devices therefore they play a minor role 

in the displacement damage of the examined cameras. [3]  
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