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Annual Report 2004 

EURATOM Association - Hungarian Academy of Sciences 
 

Foreword 
 
 
Controlled fusion research is one of the most closely organised fields in the 6-th 
Framework Programme of the European Union. The work is organised by fusion 
Associations, established via a Contract of Association between EURATOM and 
one or more organisation in Member or Associated States. Association - HAS is 
one of these Associations established via a contract between EURATOM and the 
Hungarian Academy of Sciences at the end of 1999. 
 
In Europe fusion research consists of three major fields: pysics studies, 
technology R&D and the use of the JET facility, the world's  largest fusion 
experiment located in Culham in the United Kingdom.   The first component is 
performed along the lines set up by the Steering Committee of Association HAS 
at its annual meetings. The latter two fields are coordinated by the European 
Fusion Development Agreement (EFDA), an organisation established by the 
European Commission and the Associations. EFDA defines tasks and calls for 
competitive proposals from Associations to implement them. The tasks fall into 
one of three categories: Art.5.1a with 20% support, Art.5.1b with 40% support 
and Orders with100% support. (The names refer to different sections of the 
EFDA Agreement.) A small Underlying Technology funding is available to keep 
up competencies in technology. The fusion mobility scheme supports travel of 
staff to perform research in laboratories of another Association. The figures 
below show the performance of Association-HAS in these categories. 

 
 
 
 

 
It is well seen that there is a continuous growth in manpower, and what is 
especially important is, that the increase is caused by a constant inflow of 
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students. In the field of fusion technology R&D growth is limited by the availability 
of national funding. 
 
The research behind the numbers is performed in four institutions: 
 

• The KFKI Research Institue for Particle and Nuclear Physics (KFKI-RMKI) 
performs most of the physics research and coordinates the Association; 

• The Budapest University of Technology and Economics (BME) 
participates in the physics workprogramme and has an important role in 
recruiting students; 

• The KFKI Atomic Energy Research Institute is the major player in fusion 
technology; 

• The Research Institute of Technical Physics and Materials Sciences 
participates through the development of electromagnetic testing 
techniques. 

 
This report gives an overview of the activities. For more details the reader is 
advised to request information from the contact person indicated at each topic. 
For more information please visit the homepage of Association-HAS at                     
 

 www.magfuzio.hu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S. Zoletnik 
Head of Research Unit 
zoletnik@rmki.kfki.hu 
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Executive Summary 

 
The fusion physics research of Association-HAS followed the directions established 
during previous years. As the Association does not have an experimental device in 
Hungary we focus on diagnostics, simulations and data analysis at various European 
machines: ASDEX Upgrade (Garching, Germany), TEXTOR (Jülich, Germany), JET 
(Culham, UK), TCV (Lausanne, Switzerland) and CASTOR (Prague, Czech Republic). 
 
Pellet ablation experiments and numerical simulations are done at the ASDEX-Upgrade 
tokamak. A multiple camera diagnostic system was built up in previous years, which 
enables precise observation of the ablation process of the solid deuterium ice injected into 
the plasma. The observations revealed how the dense gas cloud drifts in the plasma both 
poloidally and radially. The system has been recently upgraded with an additional view 
and two new cameras to be able to perform a real three-dimensional measurement. The 
ablation process is 
followed by numerical 
simulations. These 
reveal the penetration 
depth and the material 
deposition profile of the 
pellet which can be 
compared to 
experiments. The 
simulations also proved 
to be useful for 
predicting the ablation of 
the pellets in ITER, the 
planned international 
fusion experiment.  
 
Some years ago 
researchers at ASDEX Upgrade found another interesting application for pellet injection. 
Under certain conditions a pellet can trigger a so-called ELM instability which expels 
som part of the plasma energy and particles. Without this triggering, ELMs occur 
periodically and produce such a high heat load on the plasma-facing machine components 
that they are considered to be the major uncertainty for ITER. Pellet triggering provides a 
mechanism to control the ELM frequency, and this way 
reduce the peak heat loads. Additionally, the pellet 
experiments provide an insight into the not fully understood 
physics of these instabilities. Our measurements revealed 
that pellets trigger an ELM as soon as they reach the 
pedestal region of then plasma.    
 
Diagnostic techniques using neutral beams constitute 
another substantial field of the work. Laser blow-off 
technique is used for injecting trace materials into plasmas 
on TCV and TEXTOR, while high-energy neutral Lithium 
beams are used for exploring the edge density profile and its 

ELM triggering in ASDEX Upgrade. The left plot shows the time 
delay between the start of ablation and the start of the ELM. The 

right plot shows the calculated location of triggering.   

Lithium ion source testing at 
KFKI-RMKI. 
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fluctuations in various machines. Association-HAS has started development of a new 
high current ion source which has proven its applicability in the laboratory. These ion 
sources are planned to be installed in diagnostics at TEXTOR, ASDEX Upgrade, JET 
and later on the Wendelstein 7-X stellarator under construction in Greifswald, Germany. 
 
Plasma turbulence studies are performed to give insight into one of the most important 
and rapidly developing field in plasma physics. Hungarian researchers develop numerical 
methods and do experiments to reveal details of turbulence phenomena.  Analysis of 
transients in the magnetic pick-up coil signals of the already closed Wendelstein 7-AS 
stellarator showed the existence of transient MHD modes, which are timely correlated 
with the occurrence of transport events. A special method has been developed to find 
theoretically expected flow structures, which are believed to be responsible for regulating 
plasma turbulence. The technique needs only one-point measurements and this way can 
be applied for many diagnostics. An experiment was designed and performed on this 
basis on the CASTOR tokamak  in collaboration with the Czech Association. A 
preliminary data analysis shows encouraging results. 
 
In preparation to the ITER experiment Association HAS is doing a numerical analysis of 
one of the most complicated diagnostics, the bolometer tomography system. Following a 
study done already in 2002, a more detailed analysis was performed in 2004 to find the 
optimal arrangement of the approximately 300 measurement channels and to explore the 

reconstruction quality when neutral particles produce a 
considerable part of measured signals. 
 
The technology work in 2004 comprised three EFDA 
Art.5.1.b tasks closely connected to ITER components: 
materials handbook and database and testing of gas 
leakage through sealings. These activities were 
complemented by Underlying Technology tasks in the 
field of irradiation in the Budapest Experimental Reactor 
and the development of electromagnetic materials testing 
techniques. 
 

 
In order to serve its many collaborations the 
Association has set up different remote 
collaboration tools and also coordinating the 
usage and development of these in the Eastern 
European region.  
A considerable effort was devoted to attract and 

educate students. A fusion introduction course 
is held at the Budapest University of 
Technology and Economics and summer course 
in experimental plasma physics was held the 
second time in June 2004 at the CASTOR 
tokamak in Prague. 

 
 

Reconstruction of radiation distribution in 
the main plasma and the divertor region in 

ITER.  
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Experimental investigation of pellet-plasma interaction  
at the ASDEX Upgrade tokamak 
S. Bató, S. Egorov, S. Kálvin, G. Kocsis 

KFKI-RMKI 
Collaboration: IPP-Garching 

Contact E-mail: kocsis@rmki.kfki.hu 
 
This collaboration aims at experimentally investigating the pellet-plasma interaction with 
emphasis on three main topics: 
 

 Investigation of ELM triggering mechanism  
 
Recently, in magnetic confinement plasma devices cryogenic hydrogen pellets  are used 
for edge plasma control by triggering ELMs (Edge Localized Modes) with frequent small 
pellets. Although  forcing an ELM frequency (ELM pace making) was demonstrated by 
injecting   deuterium pellets from the high field side (HFS) of the ASDEX Upgrade 
tokamak the underlying physical processes of the triggering mechanism is not yet 
understood.   
 
In order to investigate this mechanism an analysis of the location of the pellet triggering 
of an ELM was done. For a pellet the penetration depth can be calculated from the time-
of-flight inside the plasma.  However, currently used pellets trigger the ELM with only a 
minor fraction of the mass ablated. Thus, all pellets achieved penetration well beyond the 
depth required for triggering and it is more adequate to estimate at which position during 
its flight through the plasma a  pellet triggers an ELM (Fig. 1). For this purpose we used 
the D� radiation ablation monitor signal  to derive the onset of the pellet ablation and 
Mirnov coils to record the MHD activity during the ELM onset. The delay time (dtELM) 
between the triggered ELM onset and the pellet ablation onset was found to be about 
50µs for the fastest pellets. The delay time hardly depends on the pellet mass. Assuming 
constant pellet velocity (1000m/s is this case) pellets advanced  5±1.5 cm  along their 
designated path. Supposing that  pellet ablation starts at the separatrix  the corresponding 
region where the pellet is when the ELM signature starts is deep in the transport barrier, 
or even inside it.  

 
Fig. 1. Delay of MHD 
activity onset to pellet 
ablation onset versus pellet 
mass derived from the 
integrated  D� ablation 
radiation monitor signal 
(left plot). Mapping to the 
outer horizontal midplane 
(assuming constant pellet 
velocity and pellet ablation 
start at the separatrix) 
shows that pellets 

progressed almost to the inner boundary of the transport barrier (indicated by the inner knee 
point of the pressure profile) when the ELM onset is detected. 
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Experimental investigation of pellet cloud dynamics 

 
In order to get deeper insight into the physics of pellet ablation, cloud dynamics and 
interplay between plasmoid drift and penetration depth and investigation of the pellet 
cloud dynamics with high spatio-temporal resolution  is  needed.  

 
 

Fig. 2.  Multiple short exposure side view images of a  deuterium pellet (240m/s, 1.9x1.9x2.0 
mm3) observed by three cameras with 0,3,6 µs  delay, respectively. The solid and dashed  curves 
illustrate the separatrix and magnetic surfaces of q=5,4 and 3. The major radius increases from 
left to right. The red arrow symbolizes the direction of the pellet injection. Radial(horizontal), 
vertical and toroidal scales of 1cm per tick are delineated at reconstructed points of the pellet 

trajectory.  
 

To detect the spatial distribution and time evolution of the radiation emitted during pellet 
ablation in ASDEX Upgrade plasmas a fast camera observation system was developed 
which consists of three digital cameras and an optical imaging system. The inboard 
injected pellets are observed from two different directions: tangentially (side view) and 
vertically. 
  
As a typical result Fig. 2. shows side view images of one deuterium pellet (240m/s, 
1.9x1.9x2.0 mm3) observed by  three cameras in multiple exposure mode (several 5µs 
exposures separated by 95µs) with  0,3,6µs delay, respectively. Stable discharge 
conditions were chosen with typical parameters in the type-I ELMy H-mode regime. On 
images of all cameras individual patches along the pellet path (pellet injection marked 
with red arrow) represent distribution of the pellet cloud radiation at different moments 
during the ablation. It is clear that on all three camera images the clouds have a clear 
maximum and sometimes the cloud is elongated in poloidal direction. This elongation 
changes rapidly in time, the elongated cloud part can appear or disappear in 6µs.  To see 
more details one  magnified  cloud is shown on Fig. 3. The movement - time evolution - 
of  two typical points of the distribution is marked with white and blue numbers, 
respectively (e.g. the position of point 1 is marked with white number 1 at 0µs delay 
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time,  with white number 2 at 3µs delay time and with white number 3 at 6µs delay time).   
The peak marked with white numbers is thought to be the main cloud which essentially 
shields the pellet. It moves vertically upward about 1 cm in  6µs.  This vertical 
displacement was already discovered at earlier low field side (LFS) pellet injection 
experiments, but its origin  is not clear yet. The cloud part marked with blue numbers is 
related to the drifting plasmoid which posteriorly detaches from the primary main cloud. 
It moves both in the radial (to LFS) and vertical direction (upward) covering a distance of 
a few cm in 6µs. 

 
 

 
Fig. 3.  Magnified parts of the previous figure  (marked with red square). The white and blue 

numbers represent position of two selected local maxima seen on successive images. 
 

From experiments with longer delays between cameras it can be concluded that the 
drifting cloud is visible/detectable for 10µs  in our  present observation system. In this 
period the drifting cloud becomes completely detached by moving poloidally (clockwise) 
to a few cm distance.     
 

 High frequency Leidenfrost pellet injector development 
 
The results of the ELM pace making and mitigation measurements showed that the 
ASDEX Upgrade pellet injector is not well suited for these experiments: pellets are 
oversized causing a mild plasma confinement reduction, and also the available pellet 
injection frequency is too low. Additionally it was revealed that ELM trigger by smaller 
pellets could favourably break the correlation between edge plasma parameters and ELM 
frequency, therefore the development of a new pellet injector is sorely needed.   
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Fig. 4. High frequency Leidenfrost pellet injector and diagnostics for ice rod quality, pellet mass 
and velocity measurements. The lower two figures  show the achieved pellet velocity and injection 

reliability. 
 

In 2004 the development of a Leidenfrost pellet injector (Fig. 4.) was continued and the 
following important milestones were achieved. The pellet injector operates already 
reliably with a frequency up to 100 Hz, the upper frequency limit is 140 Hz (see the 
lower right part of  Fig. 4.). Several diagnostics measuring pellet velocity and mass have 
been developed and taken into operation (pellet shadowgraphy, time of flight velocity 
measurements, ice rod photography). In the Leidenfrost gun hydrogen pellets can be 
accelerated up to 300 m/s velocity by a gas pulse while they remain intact. 
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Pellet simulations 
 

K. Gál, S. Kálvin, G. Kocsis and S. Veres 
KFKI-RMKI 

Collaboration: IPP-Garching 
Contact E-mail: gal@rmki.kfki.hu 

 
 
In ASDEX Upgrade pellets are used for refuelling and ELM triggering purposes. The use 
of deuterium pellets as an ELM mitigation tool renewed the interest for the better 
understanding of the pellet ablation and cloud expansion.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. The injection geometry      
at ASDEX Upgrade 

 
In 2003 the complement of the 1D 
Lagrangian code has been performed by 
inserting the shielding of the spherically 
expanding neutral cloud into the model 
describing the ionized cloud which is a 
channel flow expanding along the field 
lines. This picture of pellet ablation is in 
accordance with the experimental 
observation, so its implementation in the 
code gets us closer to reality. 
 
In ASDEX Upgrade the pellets can be 
injected from the magnetic high field 
side.  The most frequently used pellets 
have velocities of 240, 600 and 1000m/s. 
During this year a detailed comparison 
of the experimentally obtained 
penetration depth and the calculated one 
has been done. The calculated and 
measured penetration depths are 
collected in Table 1. 
 

 
Shot Velocity 

(m/s) 
Radius 
(mm) 

Calc. penetration 
(cm) 

Meas. Penetration 
(cm) 

16550 1000 0.67±0.07 23-26 23 
19374 600 0.79±0.05 26-27 27 
17811 240 0.86±0.05 10-15 19 
17455 1000 0.45±0.04 13-20 14 
15209 600 0.61±0.03 29-34 34 
16601 240 0.64±0.05 22-26 22 

 
 
Table 1: The penetration depth calculated for different pellet sizes and velocities, taking 

into account the errors of the input parameters 
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The other important result of the last year was the simulation of the pellet ablation for an 
ITER like plasma. It has been supposed that the shape of the temperature and density 
profile is the same as in ASDEX Upgrade. Knowing that these profiles scale with the 
machine size, one can determine them.  Supposing that in ITER the location of the 
injection will be the same as in ASDEX Upgrade we determined the plasma density and 
temperature along the pellet path. These two profiles can be seen on Fig. 6.   

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. The electron density and temperature profiles along the pellet path for an ITER 
like plasma. 

 
The results of the simulation for a pellet which is expected to be used for fuelling in 
ITER, having a pellet velocity of 300m/s and a pellet volume of 33mm3 are shown in 
Fig.7.  

 
Fig. 7. The ablation rate as a function of the pellet path and the sum of the deposited 

particles as a function of the poloidal flux coordinate 
 
The ablation curve and the penetration depth have been checked for the two pellet sizes 
which are expected to be used in ITER (33mm3 and 92mm3) and two velocities 300m/s 
and 500m/s, respectively. It has been obtained that small pellets will reach the pedestal 
top, this way they will be able to trigger ELMs. Big pellets will penetrate deeper, 
reaching the 0.95 value of the poloidal flux, so the drift effects will probably transport the 
material into the core plasma. 
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Ablation rate calculations with a quasi two dimensional pellet code 

G. Veres, S. Kálvin, B. Kardon, G. Kocsis 
KFKI-RMKI 

Contact E-mail: veres@rmki.kfki.hu 
 

The injection of deuterium pellets into fusion plasmas has recently gained great 
importance in at least two fields. First, pellets are considered to be suitable for refuelling 
of reactor plasmas and, second, pellets are used to mitigate the Edge Localized Modes 
(ELMs) and thus to reduce the power load on the divertors. To fully understand the 
mechanisms of both of these processes, the proper knowledge of the profile of the 
material deposited by pellets and thus the ablation rate is of crucial importance. 

The interaction of pellets with hot magnetized plasmas is a complex and fully 3D 
phenomenon. It's description implies the solution of partial differential equations in 3D 
and in toroidal geometry together with the solution of the atomic physical rate equations, 
radiation transfer and so on. To reduce the complexity to a computationally bearable 
level, simplifications have to be done. The first and nowadays still widely used 
approximation for ablation rate calculations is the Neutral Gas Shielding (NGS) model 
developed by Parks and co-workers [1]. In this approximation the pellet is surrounded by 
its neutral, quasi steady state spherically expanding cloud. This neutral cloud shields the 
ambient background plasma, and the ablation rate is calculated by taking this shielding 
into account. The NGS model was several times further developed by including various  
phenomena, e.g. electrostatic shielding, atomic physical processes, geometrical effects. 

It is clear, however, that at some distance from the pellet the initially neutral pellet 
cloud becomes ionized, and it can be regarded as neither neutral nor spherically 
symmetric any more. To take into account the shielding effect of the ionized part of the 
cloud, the Neutral Gas and Plasma Shielding (NGPS) model has been developed [2]. In 
this approximation the regions close to the pellet are described by the NGS model, and 
the regions far from the pellet by a one dimensional channel flow of the ionized cloud 
(because the cloud ions are confined to the magnetic field lines). 

The common handling of the spherically symmetric expansion of the neutral cloud 
and the one dimensional channel flow of the ions, was not yet investigated for hydrogenic 
pellets in the literature. To examine the effect of turning the spherical expansion into the 
channel flow on the ablation rate, we have developed a quasi two dimensional pellet 
code. In this multi Lagrangian cell code the surface area between two consecutive cells is 
increasing quadratically with the distance from the pellet up-to some point where the 
ionization becomes substantial (spherical expansion) and later remains constant (one 
dimensional, axial expansion). 

The main physical assumptions made in the code are as follows: the background 
plasma consists of Maxwellian electrons and ions, and are represented in the code by 
monoenergetic groups of particles, the background plasma electrons and ions flow 
towards the pellet surface, and suffer elastic and inelastic scattering on pellet's cloud 
particles, the ablation rate is calculated as the ratio of the energy flux at the pellet's 
surface to the sum of the sublimation energy plus the kinetic energy of the ablated 
particles. 
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A typical output of the code can be seen on Fig. 8.  

Fig. 8.  a - the time dependence of the ablation rate.   b – the dependence of the 
Lagrangian cells’ surface area as a function of the distance from the pellet.     c – the 

average particle density as a function of the distance from the pellet. 
 
The ablation rate drops very quickly (during ∼ 5⋅10-8 s) at the beginning, because 

the ablation rate at the startup phase is dominantly set by the spherical expansion, but 
later varies slowly, when the ionization sets in and the inner cells are in a quasi steady 
state expansion and the ablation is governed by the linearly expanding 'tail' of the cloud. 

By using the code, we have performed calculations on a wide range of input 
parameters: pellet sizes, electron densities and electron temperatures. To each of these 
input parameter sets an ablation rate was assigned as an average between 2⋅10-7 s and 
5⋅10-7 s after the start of ablation. The resulting set of ablation rates was then fitted by a 
product of three power functions and an amplitude. The resulting expression for the fitted 
ablation rate is:  
 

31571
0

4020
0

121 10143 ...
.)( pablation rTnsN ⋅⋅⋅⋅=

−

 

 
Here n0 is the electron density given in units of m

-3, T0 is the electron temperature in units 
of eV, and rp is the pellet radius in units of cm. Index 0 refers to quantities outside the 
pellet cloud. This ablation rate scaling is very similar to those, given in [1] and [2] for 
NGS and NGPS, respectively. This justifies the physical approximations made in the 
code. The next task to complete in 2005 is to calculate with the help of the code particle 
deposition profiles, i.e. simulate 'real' pellet injection experiments. 
 
[1]  P.B. Parks and R.J. Turnbull, Phys. Fluids 21 (1978) 1735.  
[2] B. Pégourié et al., Plasma Phys. Contr. Fusion 47 (2005) 17. 
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High Field Side Pellet Database and Scaling Studies at ASDEX Upgrade 

É. Belonohy, S. Kálvin, G. Kocsis 
KFKI-RMKI 

Collaboration: MPI Intstitut für Plasmaphysik, Garching 
Contact E-mail: belonohy@rmki.kfki.hu 

 
 

 In modern tokamaks refueling of fusion plasmas by injection 
of frozen pellets produced from hydrogen isotopes is a promising 
experimental approach. The problem with the original injection 
scenario, i.e. shooting the pellets from the outer side of the torus is 
however that a fast radial drift causes an outward motion of the 
ablated material, leading to strong particle and energy losses. It has 
been found that injecting the pellets from the high field side (HFS) 
would increase the fueling efficiency as in this case the drift effects 
accelerate the ablatant radially toward the center of the plasma.  
  To better understand the ablation process and to facilitate 
future scaling studies for the next generation of tokamaks, the need 
arise to construct a database including the important parameters of pellet-plasma 
interaction. The database developed includes experimental HFS pellet injection data 
obtained at the tokamak ASDEX Upgrade [Fig.9.]. Included in the database are the pellet 
revelant (mp mass, vp velocity, λ penetration depth) and plasma relevant (ne line averaged 
density, Wmhd MHD plasma energy content, Bt toroidal magnetic field, Ip plasma current 
among others) parameters, as well as geometrical factors (κ elongation and the 
triangularities). The electron temperature is estimated with the help of MHD plasma 
energy content by the formule: Te ~ Wmhd / ne. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.  9. Overview of the HFS database (the line averaged density for every single pellet 
against the electron temperature also indicating the heating power of the Neutral Beam 

Injection by the encolouring) 
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 Containing more than 550 single pellet events, the database is more than suitable 
for future scaling studies. As a first step a monitored statistical analysis, called the 
Forward Selection was performed on the database to determine the statistically relevant 
parameters in the ablation process and to obtain the normalised penetration depth 
dependence on these parameters. The method starts with one variable and in each step the 
variable that causes the largest decrease in the ’Residual-Sum-of-Squares’ is added to the 
model. The process continues until the added variables pass the Student’s t test at a 
significance level of 5%. For the regression analysis the penetration depth is normalised 
to the distance between the flux surfaces 1.0 and 0.9, and a simple power function of the 
parameters is assumed : 
 
 
 
The result of the regression analysis [Fig. 10.] can be found in Table 1. The standard 
deviation (SD) and the statistical importance (Dstatistical), that represents the variation of 
the parameter as well as its effect from the scaling, are also indicated below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 10.  Regression plot for the penetration depth scaling 

 
 

 a (mp) b (Te) c (Ip) d (vp) e (κ) f (Bt) g (ne) 
Exponent 0.215 -0.770 -0.202 0.158 2.699 0.331 -0.196 
SD 0.016 0.071 0.141 0.025 0.503 0.105 0.086 
Dstatistical 0.96 1.32 0.19 0.22 0.78 0.14 0.32 

 
Table 2. Results of the regression analysis 

 
Including only the statistically significant variables into the model, the leading 
parameters seem to be the electron temperature, pellet mass and the elongation. The 
further addition of temperature profile information would improve the performance of the 
analysis. 
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Fig. 11. Sketch of two point (left) and one point (right) 
correlation measurements for velocity fluctuations. In the two 
point measurement the maximum place of the correlation 
function shifts due to the velocity change. In the one point 
measurement the width of the autocorrelation function changes 

Autocorrelation analysis and statistical consideration for the 
determination of velocity fluctuations in fusion plasmas 

A. Bencze, S. Zoletnik 

KFKI-RMKI 

Contact E-mail:abencze@rmki.kfki.hu 
 
Hot plasmas, as a complex system of charged particles, are governed by nonlinear 
dynamics, hence often they are found in a turbulent state. One example is anomalous 
transport in fusion plasmas, which is generally considered to be a consequence of plasma 
micro-turbulence. Recent theories describe a coupled system of turbulence and flows 
generated by the turbulent Reynolds stress or other secondary nonlinear processes. These 
flows react on background turbulence by a shear flow decorrelation mechanism therefore 
their characterization is essential. Temporally fluctuating and radially localized flows 
(called zonal flows) have also been seen in recent numerical simulations of fusion 
plasmas and we have an increasing number of experimental indications to their existence 
as well. 

This paper investigates the possibility of detecting B-perpendicular flow 
modulations through observing temporal variations of the autocorrelation function (ACF) 
in a single-point measurement of plasma turbulence. In order to calculate the sensitivity 
of the method we found it essential to analyse the statistical scatter of the autocorrelation 
function due to two effects: the finite number of turbulent eddies and/or detector 
statistical noise. The final result of this derivation is a simple expression readily usable to 
various measurements. 

 Correlation analysis is a useful and well known tool in turbulence studies of 
fusion plasmas. Investigating 
correlation functions we can 
get information about 
statistical properties of 
turbulent structures: the 
correlation time, the correlation 
length along a spatial 
coordinate and the propagation 
velocity from cross-correlation 
function. From a very simple 
model, which deals with 
poloidally moving structures 

having Gaussian shape both in space and time, we can calculate the autocorrelations time 
in a single-point measurement as a function of the eddy lifetime lifeτ  and the velocity 

dependent propagation time vτ : 

22
vlife

vlife
corr

ττ

ττ
τ

+

= , 

where φφτ vwv = , φw  is the poloidal correlation length and φv  is the poloidal flow 

velocity. From this formula it is clear that we have two distinct limiting cases: 
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• vlife ττ >> : for a fixed φw  spatial correlation length the correlation time corrτ  

depends mainly on φv ; φφτ vwcorr ≈ . In this case from the correlation time we 

can follow the time evolution of the ( )tvφ  flow velocity. 

• vlife ττ << : in this case the correlation time gives information about the eddy 

lifetime and the flow velocity cannot be deduced. 
To illustrate the feasibility of the 
method a 1+1 dimensional 
simulation was done. Identical 
Gaussian pulses were moved across 
a single detection channel with a 
variable flow velocity. The lifetime 
of these events was much longer 
than their transit time over the 
observation volume and the pulses 
were always generated before they 
reach the observation location. The 
flow velocity was modulated 
sinusoidally. In some cases an 
additional Gaussian noise was 
added to the signal simulated with 

sµ1  time resolution. The 
autocorrelation function was 

calculated for short time intervals. 
The effect of the 100Hz velocity 
modulation applied in this 
simulation is clearly observable in 
Fig. 12. The power spectrum of the 

autocorrelation-width signal is shown in Fig. 12. (bottom) for different velocity 
modulation amplitudes from 0.2 to 0.4. The peak at 100Hz clearly shows up in all cases. 
In one of the plotted cases an additional normally distributed random noise was added 
with an RMS amplitude identical to the RMS amplitude of the original signal. The 
resulting power spectrum exhibits a broadband noise and somewhat reduced sensitivity to 
the 100 Hz modulation, but the peak is clearly distinguishable. 
 
Statistics of the autocorrelation function 
 
In order to evaluate the sensitivity of the above method, an analytical expression was 
derived for the relative scatter of the autocorrelation function. In our calculation we 
assume that we have a measured time signal, which consist of randomly distributed, 
limited temporal length events, including overlapping as well. Each event has a time 
evolution and it is described by a set of random variables (with a given but otherwise 
arbitrary distribution function) such as the amplitude, the lifetime, the time center etc. 
Starting from the standard definitions of the autocorrelation function and statistical 
variance and evaluating the different statistical averages, it is possible to derive a formal 
expression for the relative scatter of the autocorrelation function. Using some reasonable 
assumptions such as the large number of events ( 1>>sN ) and the long integration time 

Fig. 12. Illustration of the method working on a simulated 
fluctuation signal in 1+1 dimensions. Autocorrelation 
function vs. time (top). Spectrum of the acf-width signal at 
different modulation amplitudes (bottom). More 
explanation in the text. 
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relative to the average integration time ( 1<<∆Ttw ), we can deduce the following 
relation; 

T
twD

aC ∆
⋅=σ , 

where σ  is the standard deviation of the 
autocorrelation function at zero time lag, 

aC  denotes the average autocorrelation 

function and D  is a constant depending 
on the details of the distributions of 
different random variables describing 
turbulent events. In the case of events 
with uniform Gaussian shape the value of 
D  can be easily calculated and has been 

found to be ( ) 412π=D . The results of this 
simple model are compared with real 
fluctuation measurements (see. Fig. 13.) 

done at Castor tokamak by means of  
Langmuir probes operating in ion 
saturation current regime. 

 
Implication to photon statistics in W7-AS stellarator 
 
In several fusion plasma diagnostic techniques (e.g. Beam Emission Spectroscopy, 
Electron Cyclotron Emission) the measured signal contains a significant noise (e.g. 
detector noise, photon statistical noise). This also causes scatter in the autocorrelation 
function, albeit with different temporal features determined by the inverse of the 
amplifier bandwidth. As usually we are looking for small amplitude fluctuations we can 
consider the detected fluctuation signal as a sum of two uncorrelated parts: the fluctuating 
plasma signal and an additional photon statistical noise. The full autocorrelation function 
can be written as: 

( ) ph
aC

E
aCaC +=τ  

To calculate the squared variance of ( )τaC , we can simply sum the squared variances of 
the two terms. We have to note that the relative variance of the photon noise can be 
calculated exactly the same way as in the case of event statistics because the photon noise 
can be described as a sum of events (photons) with a lifetime determined by the time 
constant of the amplifier. This way we can obtain the ratio of the variance of the 
correlation function arising from event statistics and photon noise: 

.
1

2

, phnphwrmsEA
dcA

tw

phw

ph

E

πσ

σ ⋅



=  

We can recognize that the parameters determining the ratio of the two variances are the 
relative fluctuation amplitude ( ).,1 rmsEAdcAR = , the number of photons detected during 

the time constant of the amplifier phnphw  and the ratio of the amplifier time constant to 

the event autocorrelation time. These parameters can all be determined from the signal. 

Fig. 13. Gaussian theory vs. experimental data from 
fluctuation measurements. 
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Using this model we are able to quantify statistical properties of fluctuations measured by 
Li-beam emission spectroscopy at the Wendelstein7-AS stellarator and to compare 
fluctuation originating from the SOL and the edge plasma of the machine. Table 3. shows 
experimentally measured quantities and calculated relative scatter of the event and 
photon statistical noise in different regions of the plasma. 
 

Location tw  phw  rmsEAdcA ,  phn  Eph σσ  

SOL 50 sµ  2 sµ  5 1710 −s  0.14 

Edge 20 sµ  2 sµ  20 1810 −s  0.35 

Core 10 sµ  2 sµ  50 1810 −s  3.15 

 
As the Table shows in the SOL and edge regions the event statistics dominate the scatter 
of the correlation function. A few cm deeper in the plasma the situation dramatically 

changes due to the drop in the relative fluctuation amplitude as Eph σσ contains the 
relative fluctuation amplitude squared, therefore this term dominates the expression. 
 
Measurements on the CASTOR tokamak 
 
Measurements with two radial arrays of Langmuir probes were performed on the 
CASTOR tokamak (IPP.CR, Prague) in order to detect modulations in the poloidal flow 
velocity of turbulence structures with the above data evaluation method. 20 carefully 
selected identical shots were performed and a statistical average will be done to enhance 
the detection limit of the method. Preliminary results are promising, but detailed analysis 
will be performed in 2005. 

Table 3. Experimentally measured quantities of plasma turbulence and calculated ratio of event 
and statistical scatter in different regions of Wendelstein 7-AS. 
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In the Wendelstein 7 Advanced Stellarator (W7-AS) transient MHD modes are often 
observed as bursts in the Mirnov-coil signals in otherwise MHD inactive plasmas. We 
have investigated the change of the structure of the MHD transients in the confinement 
transition near 1/3 edge rotational transform[1] using their relationship to diagnostic 
signals. Our analysis is based on the MIR-1 poloidal Mirnov-coil array and the lithium 
beam diagnostic (LiBES). 
 
In shot #47940 the plasma state was gradually changed from good to bad confinement 
state by ramping the toroidal plasma current. In good confinement state one can observe 
four distinct frequency bands at around 25, 48, 58 and 110 kHz, of which the 25 kHz 
band is being the strongest. The gradual change to bad confinement in this measurement 
is marked by a gradual shifting of the central frequencies of the frequency bands and their 
merging into a single frequency band in the last stage of the transition. 
 
Earlier, it has been observed that there was a correlation between the Mirnov-coil signals 
and some channels of the LiBES diagnostic that measure the electron-density just inside 
the last closed flux surface (LCFS). [2] This implies that the transient MHD mode has a 
density component and it is localized radially at the plasma edge. The cross-correlation 
functions (CCF) between a LiBES channel at the edge of the plasma and all 16 Mirnov-
coils in the MIR-1 array raw signals can be seen in Fig.14. The periodicity is due to the 
ruling frequency around 20 kHz and the tilted ridges are due to the phase delay between 
the Mirnov-coils. These are very similar in the good and bad confinement states. The 
relaxation time makes the real difference on those two pictures in good and bad 
confinement states. In good confinement state the relaxation time is 50 µs, in bad 
confinement state it is 150 µs. 
 

 
Fig. 14.  CCF between the LiBES channel 13 and MIR-1 raw signals 
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The phase delays between the Mirnov-coil signals indicate a well defined poloidal 
structure for the transient MHD modes. This mode structure can be analysed in detail by 
estimating the coherence and phase functions on stationary parameter shots, like shot 
#47941. In Fig. 15. such a coherence and phase function is shown using MIR-1-1 and 
MIR-1-9 coils. Well defined frequency bands can be seen having high coherence and 
constant phase. These are the frequency bands of the transient MHD modes. 
 

 
Fig. 15.  Coherence and phase functions between 
Mirnov-coils in different poloidal locations 

 
Fig. 16.  Phase delay between Mirnov-coils in 
different poloidal locations showing m=3 
poloidal mode number 

 
 

 
Selecting the 10 kHz frequency, which shows the highest coherence, we can plot the phase delays 
between the different Mirnov-coils as a function of their poloidal location (Fig. 16.). The 
measurement points fit well onto a straight line with an m=3 steepness giving the poloidal mode 
number of the transient MHD mode. 
 
In the shot series 52123-52176 the amplitude-correlation method showed clear difference in the 
statistical properties of transient MHD modes in different confinement states. [3] However, in the 
earlier shots 47940-47946 no such difference was found: cross-correlation between the different 
frequency bandpowers was around 25% in both the good and bad confinement states. 
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Energetic Li atom beams are routinely used to measure various parameters of magnetically 
confined fusion plasmas. Data provided by these 
diagnostics are currently limited by the photon 
yield determined by the typically 2 mA beam 
current. Detailed tests of the JET and the 
TEXTOR Li guns showed that the beam current 
is limited by the thermionic ion emitter. Fig. 17. 
shows the beam current vs. extraction voltage. 
The tendency is clearly visible. The beam 
current increases faster than linear below 3 kV, 
above it the beam current converges to a 
saturation. The increase approximately follows 
the Child-Langmuir law (I~U3/2) up to 3 kV. 

This indicates that above 3 kV the saturation is 
caused by reaching the ion emission capacity of 
the emitter. From the plotted curve it is visible 
that in this geometry at 6 kV extraction voltage 
(i.e. 66 keV beam energy) over 3 mA beam current would be achievable, provided the emission 
material of the emitter is capable of 3 mA emission.      
Consequently, with a new, high ion current emitter the beam current could be increased and thus 
the signal-to-noise ratio of the measurements would improve. As a result different Li-beam based 
diagnostics could be more accurate, could have a higher time resolution and even new diagnostic 
methods could be developed. 
  

The Heatwave thermionic ion source 
 
The high-energy (30-70 keV) Lithium-beams usually apply Heatwave thermionic ion sources, see 
Fig. 18. The main part of these emitters is the porous Tungsten plug, which has 50 % porosity and 

the diameter of the holes are about 50 µm. One of β-
eucriptite (Li2O + Al2O3 + 2SiO2) or spodumen, (Li2O 
+ Al2O3 + 4SiO2) which are the two mostly used 
emission material, are coated into the Tungsten plug in 
a vacuum vessel. This process results in a thermionic 
ion source, which can emit about 2 mA Li ion current, 
and the operation lifetime of this is about one hour. The 
main problem is with these sources is that the 
operability highly depends on the external conditions. 
A little change (which is not always known) can cause 
decrease of the ion current or a complete failure of the 
source. 
 

The working process of the thermionic ion emitters 
 
The mechanism of the ion conduction is electrolysis. The Tungsten plug and the emitter material 
are heated up to about 1350-1400 degrees. At this temperature the Lithium ions can diffuse with 

Fig. 17. Beam current vs.  extraction 
voltage. 

 

Fig.18. The Heatwave’s thermionic ion 
emitter. 
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relatively high velocity inside the ceramic. It is proved that the Lithium content of the emitter does 
not change without electric field, i.e. the heated emitter does not emit ions, unless an extraction 
voltage is applied at the same time. Because of the emitter is not a perfect conductor, the electric 

field can enter into the ion source. The ion emission 
can start, and at the same time a lot of negative 
charges stay behind inside the emitter. It is assumed 
that they are carried by the O2- ions, see Fig. 19.  
Computing the velocity of the diffusion of the ions in 
the glassy phase one have to realize, that it is not 
enough to compensate the extracted ions. After all, 
the thermionic source can emit ions continuously at  
about 2-3 mA current.  
An experimentally proven model does not exist yet, 
but some good ideas are reported. The assumption is 
that a third phase has to be formed between the 
crystallites and the glassy phase. The formation of the 
internal interfaces leads to the increases of the ion 
conductivity, but the influence of the interfaces is still 
not perfectly understood. A concept is that diffusion 
pathways exist in this third phase where the ion 
mobility is higher than in the glassy phase. 

 
To test new materials a new test geometry was developed, see 
Fig. 20. The arrangement is cylindrical. (except the reflector 
electrode) The extracted ions are deflected by the reflector 
electrode, which is at the same potential as the emitter, and then 
they impact onto the wall. Consequently, this device works as a 
Faraday cup; one can measure the ion current on the power 
supply of the emitter, and the ion current plus the secondary 
electron current on the wall. The positive reflector electrode 
gathers the secondary electrons. It is very important that at the 
same time the temperature of the emitter can be measured by an 
infrared thermometer, so the temperature dependence of the ion 
emission could be observed.   
 
 
The new emitter 
 

In our process the emitter materials are different from the conventionally 
used β-eucriptit or the spodumen. The constitutions are the following:  Li2O 
+ Al2O3 + 2SiO2 + Ti2O + MgO2 + CeO2.  
 
Fig. 21. The new emitter. 
 
 

 
The last three components serve mostly as crystallization cores. This mix is pressed and then heat 
treated at about 1200 degrees for 5-6 hours in air. The resulting material is crushed and then 
melted into a specially plug, which is made from about 93% Tungsten, 6% BeO and 1% MgO 
powder. (The Tungsten powder is the mix of 2, 12 and 100 µm powders.) The mix of these metal 
powders is homogenized and slurried with poli-vinyl-alcohol. The ready mix is pressed and then 

O2- 

 Li+  Li+  Li+  Li+  Li+ 

O2- O2- O2- O2- 

Porous Tungsten 

Ceramic 

O2- ions 

Si4- ions 

Li+ ions 

Fig. 19. The mechanism of the ion 
conductivity. 

 

Fig. 20. The new test 
setup. 
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heat treated in vacuum at about 1450 degrees for 2-3 hours. The new emitter (see Fig. 21.) can be 
heated up by radiation or by electron bombardment, as well. 
 

The main differences of this new emitter compared to the 
previous ones are the (crystal) structure and the path length 
of the O2- ions. (see Fig. 22.) 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
Experimental results 
 
The newly developed emitter material was found to be capable of delivering substantially higher 
ion current than the conventionally used β-eucriptit and spodumen sources (see Fig. 23.). This 
emitter works at about 1400 degrees Celsius and can produce about 7 mA/cm2 ion current. The 
emitter was heated up by radiation. 
 

 
 
 
 

 Li+  Li+  Li+  Li+  Li+  Li+  Li+  Li+  Li+  Li+ 

Fig. 22. The structure of the 
ceramic and the tungsten. 

 

Tungsten grains 
 

Ceramic (crystal and glassy phase) 
 

Radiation 

Tungsten filament 
 

Fig. 23. Beam current vs. extraction voltage 
for the new emitter. 
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In 2001 the 35keV Li-gun for TEXTOR (IPP, FZ-Jülich, EURATOM Association) was 

brought to our lab in KFKI-RMKI for testing. In the beginning of 2004 the Li-gun was brought 
back to Jülich and its re-installation in the 9/10 section of TEXTOR - its original location - has 
been started. The room for the gun became considerable tighter – due to the new DED components 
– and the gun became somewhat shorter. It was found out that the modification of the old support 
structure of the gun – to accommodate these changes - would be too difficult; therefore it was 
decided to build a new light support. The new support was designed according to the new situation 
and it was ordered from a firm which delivered it in mid April. 

The new support structure with half of the Li-gun was brought to its place in the TEXTOR 
’bunker’ and a laser was set up to define the beam-line. The position of the laser was determined 
both from technical drawings and reflection from the flange where the beam enters the tokamak. 
The support structure was moved to its final position and levelled so that the vacuum vessel of the 
gun were centered on the laser light. To prevent any movement of the support structure, it was 
anchored to and insulated from the nearby yoke and the concrete floor, after which it was realigned 
by laser light that marked the beam position.  

 

Fig. 24. Schematic of the experimental set-up. The main components are the ion source on the left 
side, the neutralizer (red component in the middle) and the flight tube on the right side of the 
apparatus. The beam travels from left to the right. Ions from the ion source get neutralized and 

travel through the flight tube towards the tokamak. 

A few vacuum components were identified as missing: KFKI-RMKI bought a new 
turbomulecular pump and IPP promised to produce the missing flight tube, valves and vacuum 
gauges. The old holder for the vacuum vessel that houses the Faraday cup, and the magnet to 
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deflect ions that were not ionized, have been modified and the housing has been added to the 
support structure. The windows, blanks, gauges and turbo pumps with valve gates at their throats 
have been fitted. The neutralizer has been cleaned and has also been installed. 

A new cable-tray between the rack and the Li-gun has been installed and work on cabling 
and pneumatic control has been started – with things necessary to start pumping. Pumping test and 
work on control electronics (Siemens S5) has not yet been started. It was identified which power 
supplies would be kept from the old system and which should be replaced. Procurement of the 
missing power supplies is progressing slowly. 

The observation region and viewing angle were chosen – 50-55 degree instead of the 83 
degree in case of direct observation – so that the changes due to different operation regimes could 
be followed and direct viewing of the ALT  limiter could mostly be avoided. This results in a 
larger wavelength shift. It could be done with an in-vessel optics – with two mirrors – which 
would also make a larger collection angle possible.

 
Fig. 25.a, Density and simulated Li2p light 
profile for DED plasma, inward shifted 

 
Fig. 25.b, Density and simulated Li2p light 

profile Ohmic plasma, ALT limited 

Principles of the design of the in-vessel 
optics of the new observation system and its 
support structure were discussed and the 
principal design was drawn. The optical 
design of the in-vessel optics was finalized 
and it was decided that its support structure 
would be design in Hungary and IPP would 
provide the necessary CATIA model files. 
The Hungarian subcontractor cooperated with 
local experts; the firm produced more and 
more elaborated versions of the design which 
was scrutinized and sent back for 
modification. Finally it was – with minor 
modifications – accepted. 
                                                                              Fig.26. Holder design for the in-vessel optics. 

Due to a substantial delay on this project, work on the outer part of the new observation system has 
been postponed. 

At the end of 2004 the possible detectors - alternatives are avalanche photodiode detector 
(APD) and photomultipliers (PMs) - of the new measurement system have been chosen. The main 
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advantage of photodiodes selected for the task over PMs used in previous measurements is that 
they have about 80% quantum efficiency for the lithium 2p emission line. Since photodiodes give 
tiny current, a special low noise high bandwidth (1 MHz) amplifier was designed which needs 
special operational amplifier chips and needs to be cooled for optimal operation. A series of such 
chips have been acquired for test purposes but the production of the amplifiers has not yet been 
started. A detector testing optical equipment has been designed and built, and has been tested with 
a photomultiplier used in previous measurements. 

The design of the data acquisition system has been finished. First the light of the Li-beam 
will be observed with a PixelFly digital camera from PCO AG. Data will be transferred through a 
special optical fiber link to the computer in the diagnostic room. Camera timing and control will be 
performed from an IDL program which connects to the TEXTOR web umbrella. Components of 
the camera system have been purchased and will be installed in 2005. The camera observation will 
allow determination of light profiles and the reconstruction of the density profile along the Li-
beam with a maximum time resolution of 7 ms. For density fluctuation measurements another 
faster system is being designed. It will consist of individual detectors looking at the beam at 
different locations.  

The slow progress on building back the Li-beam diagnostics allowed us to start cooperation 
on beam simulation using the AXCEL code. The input geometry for the TEXTOR Li-gun to the 
AXCEL code has carefully been checked. And systematic runs were made to find optimal setting 
for the code. Series of runs were made to simulate operation scenarios for which the TEXTOR Li-
gun was tested at KFKI-RMKI. Comparison of measured and simulated beam profiles is in 
progress. Systematic work has also been started to find operation scenarios in which the TEXTOR 
Li-gun can deliver significantly higher ion current envisaged with the emitter under development 
at KFKI-RMKI. 
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Our laser blow-off (LBO) experiments on ASDEX Upgrade are aimed at studying the 

possibility of Edge Localized Modes (ELMs) generation by means of micropellets that are 
fired into the plasma by the laser blow-off method. The generation of ELMs with large and 
fast cryogenic (hydrogen) pellets is well studied, but to study the threshold of the ELM 
release (i.e. what is the smallest impact on the plasma to be carried out to generate an ELM), 
slower and smaller pellets are necessary, than available to date in conventional pellet 
injectors. Since micropellets have typical sizes of 100 µm and typical velocities of 100 m/s, 
and do not considerably alter the background plasma conditions, they could be the required 
tool. It is thought that by varying the velocity and mass (and thus the penetration depth) of the 
injected micropellets, the threshold of ELM generation can be revealed.   

Fig. 27. shows the experimental setup of the laser blow-off system on ASDEX Upgrade.  

 
 

Fig. 27. The setup of the laser blow-off injector on ASDEX Upgrade. 
 

The light emitted by the injected element that forms the micropellet is filtered with a 
spectrometer and detected by several photomultiplier tubes. The time delay between the laser 
trigger and the start of the signal on the photomultipliers gives the velocity of the 
micropellets. 

Any material can be a micropellet that can be fixed on a glass surface. The rear side of 
the glass plate is fired by a powerful laser and the generated plasma between the micropellet 
and the glass pushes the pellet forward by the rocket effect. 

On Fig. 28. one can see an image of a target with carbon micropellets glued on a glass 
surface. 
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Fig. 28. Photo, made from a carbon micropellet target under microscope. 

 
 

These kinds of targets were used in a series of experiments on ASDEX Upgrade. The 
velocity of the pellets was measured to be of the order of 10 m/s that is only enough to reach 
the lower third of the density/temperature pedestal in the plasma. 

In another series of experiments we were using aluminium micropellets, that had disc 
forms with a height of 100 µm and diameter of 10 µm. These were considerably smaller than 
the carbon pellets, but smaller pellets reach greater velocities in the LBO. The highly ionized 
aluminium ions could be detected deep inside the plasma, but the cause of this is probably 
diffusion and the pellet itself was evaporated around the lower third of the pedestal. The 
velocity was measured to be  20 m/s. 

In both experiments neither on the D-alpha monitor, nor on the Mirnov coil signals 
(these two diagnostics normally show, if at all, the ELM activity) the ELM generation caused 
by micropellets could (at least not yet) be observed. 

The experiments are going on in 2005 with other materials and other pellet sizes. 
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The laser blow-off (LBO) experiments on these two tokamaks are aimed at comparing 
the impurity confinement times on these two different machines by injecting non-intrinsic 
impurities and observing their transport in the plasma by their radiation. 

On the TEXTOR tokamak the laser blow-off system had been in operation for many 
years when it was removed for the period of the installation of the Dynamic Ergodic Divertor 
(DED). As Hungarian researchers participated in the operation of this diagnostic for many 
years it was agreed that after completing the installation of the DED remounting of the LBO 
system will be done in collaboration with Association HAS. The work approached its end in 
2004: all optical components are mounted and aligned, the observation system is ready. The 
LBO on TEXTOR is a 20 Hz repetitive blow-off system with a XeCl excimer laser. 

The laser blow-off on the TCV tokamak was designed and partly built by KFKI-RMKI 
in the framework of a previous collaboration between CRPP and KFKI-RMKI. The system is 
based on a single shot APOLLO ruby laser and a very flexible target chamber design. The 
experiments in 2004 were focused on studying the dependence of the impurity confinement 
times on plasma current, electron density, triangularity, and elongation.  The injected impurity 
was silicon. As an example Figure 29. shows the dependence of the impurity confinement 
time on plasma electron density. The small insert shows the dependence of the energy 
confinement time for the same shots. As can be seen, the energy confinement time levels with 
increasing electron density, whereas the impurity confinement time increases continuously. 

 

 
 

Figure 29.  The dependence of the impurity confinement time on plasma electron 
density. The small insert shows the dependence of the energy confinement time for the same 

shots. Blue symbols – limited plasma configurations, green symbols – diverted plasma 
configurations. 
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The collaboration on experimental works in Hungary were continued in the HILL Laboratory 
between our Department of Plasma Physics and the Department of Physics of the Szeged 
University on the short pulse (600 fs, 15 mJ, 248 nm) KrF laser system. 
 
Experimental investigation of high harmonics were carried out up to 3*1017 W/cm2 intensity 
of the KrF laser. Focusing the diffraction limited beam with an off-axis parabolic mirror 
resulted in a spot of 2.5 µm diameter. The clean pulse (1011 contrast) allowed us to investigate 
the behaviour under clean conditions. Harmonics up to the 4th order on 62 nm wavelength 
were observed both for p- and s-polarized laser beams. Fig. 30. illustrates the spectrum  
around 3ω which clearly overrides the lines from the B and Si lines in case a B-coated glass 
target.  

 

Fig. 30. 3ω generation from a B-coated glass plate. 

 
The polarizations of the harmonics were generated by a 3-mirror polarization analizer. It was 
found that in contrast to our previous experiments for intensities above 1016 W/cm2 harmonics 
do not keep the polarization of the beam any more, but they become totally mixed. The 
propagation of the generated harmonics was investigated, too. Fig. 31. compares the angular 
distribution of the generated harmonics with that of the original fundamental laser beam. It 
can be clearly seen that strong harmonics generation was observed outside the original light 
cone, i.e. the direction of the generated harmonics becomes diffuse above 1016 W/cm2 
intensity. An interesting phenomenon is that 3ω signal can be seen at a larger angle than 2ω. 
 
One can draw the conclusion from these observations that the critical surface becomes rippled 
above these intensities. Similar observations and conclusions were obtained earlier in the 
Rutherford Laboratory both for 248 nm and for 1 µm wavelength. Their lasers had however 
strong prepulse, therefore rippling occurred in a preformed plasma. The novelty in the present 
observation is that his phenomenon is intinsic for laser pulses of several 100 fs pulse duration 
if the intensity exceeds 1016 W/cm2 . 
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’ 
Fig. 31. Comparison of  harmonics propagation with a Gaussian laser beam for 3∗1017 

W/cm2 intensity. 
 
To understand the phenomenon PIC simulations and MULTI-fs hydrocode calculations were 
carried out in collaboration with the Max-Planck-Institut für Quantenoptik (Germany). As 
illustrated in Fig. 32, MULTI simulations  show nearly Gbar pressures near to the critical 
layer. This pressure of the expanding plasma is in an equilibrium with the light pressure 
(p=2I/c) of the intense laser beam. This equilibrium is - on the one hand – the basis of 
Lichters’ moving mirror model. On the other hand it is unstable against Rayleigh-Taylor 
instability which can cause rippling the critical surface. 

’ 
Fig. 32. Temperature, density and pressure distribution given by MULTI simulations for p- 

and s-polarized laser beam of 3∗1017 W/cm2 intensity. 
 
Consequently by investigating the properties of high harmonics we could show that rippling 
of the critical surface is an intrinsic process. It may strongly affect the generation and 
propagation of fast electrons used for fast ignitors which might become even more serious fr 
the scheme of fast ignitors using proton beams.
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Underlying Technology Activities 
 

 
Neutron dosimetry for radiation damage studies 

in the Budapest Research Reactor 
A. Simonits 
KFKI-AEKI 

Contact E-mail: simonits@sunserv.kfki.hu 
 
Foil activation technique and high-rate gamma-ray spectrometry have been applied to 
characterize the so-called “fast neutron channels” used for neutron damage studies in the 
Budapest Research Reactor. In general, beside the specimens of reactor materials, irradiation 
capsules are equipped with 3-4 dosimetric blocks containing radiometric detectors for neutron 
flux, fluence and spectrum determinations. The detectors as well as the measured reactions 
are summarised in Table 4. 
 

Monitor material (foil) Reaction Threshold, 
MeV 

Half-life of 

measured product 

93Nb(n,n’)93mNb 1,1 16,1 yr 
0,02 mm Nb EC-NRM 526 

93Nb(n,γ)94Nb - 20 000 yr 

0,1 mm Ni EC-NRM521 58Ni(n,p)58Co 2,60 71 day 
58Fe(n,γ)59Fe - 44,5 day 

0,1 mm Fe EC-NRM 524 
54Fe(n,p)54Mn 2,8 312 day 

0,1 mm Ti IRMM-531 46Ti(n,p)46Sc 4,4 83,8 day 

0,1 mm Cu EC-NRM 522 63Cu(n,α)60Co 6,2 5,27 yr 

0,1 mm Al-0,1%Ag IRMM-533 109Ag(n,γ)110mAg - 250 day 

0,1 mm Al-0,01%Co IRMM-527a 59Co(n,γ)60Co - 5,27 yr 

 
Table 4. Dosimeters used in the Budapest Research Reactor 

 

The irradiated detectors are measured and analysed by an in-house activation analysis 
laboratory. Data are now available for 10-15 irradiation years for thermal and fast fluences, 
etc. Special efforts have been devoted to the introduction of Nb dosimetry. 
 

 

 

 

 

 

 

Table 5. Thermal neutron flux determination at position 2 of „Bagira-1” using α-correction 

[f= Φth/Φepi=7.4, α=-0,063] 

 

Φth thermal flux, n/cm2s 
Monitor 
foils 

Reaction used 
α=0 α=-0.063 

Al-0,1%Ag 109Ag(n,γ)110mAg 2,28 1013 2,65 1013 

Al-0,1%Co 59Co(n,γ)60Co 1,93 1013 2,66 1013 

Nb 93Nb(n,γ)94Nb 1,83 1013 2,65 1013 

Average: 2,01 10
13
 2,655 10

13
 

St. dev (%): 11,7 0,33 
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Calculation of damage indices for fusion reactor materials requires - besides the fast neutron 
flux – thermal neutron flux parameters as well. Accurate thermal neutron flux determination 
is problematic in the above mentioned reactor channels due to the high epithermal index 
(1/f=Φepi/Φth ~ 0.15). Moreover, the epithermal flux distribution is deviating heavily from the 
ideal 1/E shape. When approximating the epithermal flux distribution with the 1/E1+α 
function, the α ”epithermal form factor” and the f flux ratio can be determined with a set of 
bare monitors (Ag, Co and Nb) without using a Cd shield. By introducing f and α to the 
calculations the precision and overall accuracy of thermal flux determination were 
significantly improved (Table 5).  

Besides, accurate thermal flux Φth and f flux ratio is now available for the burn-up correction 
of the important fast neutron monitor reaction 58Ni(n,p)58Co(n,γ) where σ0(

58Co)=136000 
barn. 

A typical neutron flux profile is shown in one of the fast irradiation channels (Fig. 33.) where 
the fast/thermal flux ratio >1 due to the displacement of the coolant. The fast neutron 
spectrum is nearly fission (Fig. 34) but when the irradiation capsule is loaded with 
metallurgical specimens, a spectrum correction has to be applied to calculate the neutron 
damage in dpa . 
 
 
 
 
 

Fig. 33. Axial neutron flux 
variations in Channel Bagira-1- 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 34. Fast neutron flux 
distribution in channel Bagira-2 
using threshold detectors and 
fission spectrum-averaged cross-
sections 
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Application of novel electromagnetic nondestructive techniques 

G. Vértesy, A. Gasparics 
Research Institute for Technical Physics and Materials Science, Budapest 

Contact E-mail: vertesy@mfa.kfki.hu 
 
Deliverable: Characterization of structural deformation of ferromagnetic materials by 
sensitive magnetic flux leakage measurements 
 

In the frame of Fusion Underlying Technology Workprogramme, novel electromagnetic 
nondestructive techniques were developed. The physical background of this technique is 
based on the fact, that structural changes in materials are accompanied by modification of 
magnetic properties. One of the performed tasks was the characterization of structural 
deformation of ferromagnetic materials by the measurement of the stray magnetic field 
around the specimens. For this purpose a new, fluxgate type magnetic field sensor (Fluxset 
sensor) was applied for the measurement of magnetic leakage flux in plastically deformed, 
ferromagnetic, low alloy steel samples. 

The method can be illustrated by the measurements, performed on a series of A533B type 
steel specimen. The investigated specimens were shaped in a standard loading test sample as 
shown in Fig. 35.  

144 mm

64 mm

29 mm

105 mm

10 mm

 

Fig. 35. Shape and sizes of the measured sample and the investigated area (highlighted) 

 
Different tensile stress up to P=530 MPa were applied on these samples. After loading, 

prior to the measurement, samples were polarized in 1 kOe magnetic field and they were in 
remanent state. The measurement of the flux leakage was performed in zero external field by 
applying different sensor orientations, parallel (X and Y direction) and normal to the sample 
surface (Z direction). As an illustration, the leakage flux density, measured by X direction 
oriented sensor (along the axis of the sample), scanning over the surface is shown in Fig. 36, 
as a function of loading. (Only the highlighted area of the sample was measured.) 

The results prove the applicability of this technique: the obtained pictures show the fine 
details of the flux distribution, which is due to the degradation of the material. It has been 
found, that high resolution and high sensitivity can be achieved, strong inhomogeneities can 
be revealed in the investigated sample, and the fine structure of the magnetic flux distribution 
can be detected. Another advantage, that the measurement can be performed within a short 
time. The method is especially suitable for the measuring of magnetic fields, parallel to the 
sample surface. Samples, having small remanence, can also be measured by this technique, 
due to the high sensitivity of the applied magnetic field sensor. It means that in many cases 
the previous magnetization of the samples is not necessary, which makes the application 
easier. 
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    ←0 MPa 
 

    ←470 MPa 
 

 ←530 MPa 
 

Fig.36. The magnetic flux leakage distribution over the sample’s surface after different 
loading, measured by DC magnetic field sensing method. 

 

The described technique is suitable for the simultaneous measurement of the DC magnetic 
field and even the AC leakage field as well. An applicable local AC exciting coil makes 
possible to apply localized magnetic excitation instead of global magnetic polarization of the 
huge samples to be tested, and in addition, it introduces the ability of the edy current type 
measurement as well. Another series of measurements was performed on the same samples, 
but in this case the samples were demagnetized by a decreasing amplitude AC magnetic field 
prior to the measurement. An eddy current (ECT) type measurement was performed on the 
samples, applying by 10 kHz frequency electromagnetic excitation, normal to the surface, and 
the AC magnetic field response was measured by the Fluxset sensor, placed in the middle of 
the exciting coil. The result of the surface scan, made on sample loaded by 530 MPa, is shown 
in Fig. 37. In this case the sensor was oriented towards the Y direction. As can be seen in the 
picture, very fine details, due to structural changes in the loaded sample can be observed in 
this case, too. 
 

 
Fig. 37. Eddy current surface scan of the sample, loaded by 530 MPa 
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EFDA Art. 5.1b. contracts 

Coordination of Remote Participation 

Piroska Giese 
KFKI-RMKI 

Contact E-mail: giese@rmki.kfki.hu 
Contact Jabber ID: kfki_piroska_giese 

 
The Remote Participation (RP) activity was originally developed during the 5th Framework 
Programme to support the enhanced collaboration within the European fusion programme 
under the new organization of JET within EFDA. For the last two years the RP activity has 
been incorporated in the EFDA Technology Workprogramme with the principal aims of 
providing an enhanced capability for remote computer and data access, distributed computer 
design tools and teleconferencing within the EU Fusion Associations, EFDA-JET and the EU 
ITER Participant Team (PT) design and R&D studies. 
The main objective of the coordination activities is to Support to Remote Participation in the 
Euratom Fusion Associations ÖAW, IPP.CR, HAS, University of Latvia, and MEC, and in 
the fusion programmes in Bulgaria, Slovakia, Estonia, Slovenia and Poland. 
 
The RP Infrastructure measures are being organised as a single, co-ordinated activity, 
implemented through the EFDA Technology Workprogramme. Co-ordination of the activities 
is provided by the Remote Participation Co-ordinators through close interaction with the RP 
Technical Contact Persons in the Associations. 
The implementation of this Task involves a collaboration between the EU Fusion 
Associations, in particular ENEA/Consorzio RFX and HAS/KFKI-RMKI. 
 
 
The task covers Remote Participation technical activities for: 

• Exploitation of the JET facilities under EFDA based on recommendations from the 
JET RP users; 

• Inter-Association collaborations, Support and Technical Development; 
• Collaborations among Associations, including other organizations involved in fusion 

research; 
• EU Activities within the ITER Framework. 

 
 
The activities are organised in the following technical topics: 

• Remote Data and Computer Access: 

The objectives include the promotion of the use of a common data platform at the European 
fusion research facilities and the investigation of a centralised authentication server.  
 
• Networking: 
The principal objectives include the definition of minimum network requirements for a 
successful use of Remote Participation tools, as well as the further development of 
collaboration on common security issues between the European fusion research sites. 
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• Teleconferencing Infrastructure: 
The principal objectives include the improvement of teleconferencing facilities, particularly at 
EFDA-JET, and the resolution, insofar as is possible, of incompatibilities between existing 
standards in use within the fusion programme, taking into account the need to establish 
teleconferencing with external industrial partners. At regular intervals, progress in the use of 
teleconferencing facilities has to be demonstrated.  
 
• Documentation and User Facilities: 
The principal objectives are to ensure the production and accessibility of appropriate 
documentation, as well as to promote the use of Remote Participation tools. It is 
recommended that appropriate documentation tools be developed to monitor progress in the 
availability and use of Remote Participation facilities within EFDA, to inform EFDA 
management of developments and to assist in identifying future needs. 
 
In the field of the Remote Collaboration Coordination activity the most important events were 
        Training course for Remote Participation Tools 
        Workshop on Remote Participation Technologies 
held in 18-21 May 2004 at KFKI-RMKI, Budapest. 
 
The Training was intended for RP newcomers, mainly from the "new" laboratories, and was 
intended to give a practical introduction into available RP tools. 
The Workshop was intended for RP Technical Contact Persons from both "old" and "new" 
laboratories, and review available RP technologies as well as plans to implement and/or 
develop new ones.  
All training’s and workshop’s documents are online on the JET Users pages at 
http://users.jet.efda.org in the section Training > RPC Training 2004 and Budapest Workshop. 
 
Reports and Remote Participation Technical Coordination (RPTC) documents  are produced 
which are accessible only to those that have JETnet accounts on the UKAEA’s JET computer 
system. The documents can be found on the shared J drive at 
“J:\RP\Shared\RPTC_documents” 
 
Documents: 
 
• RPTC-171 EFDA Technology Contracts 03-1101 and 1102  Proposal of forward program 

for the Remote Participation Activity M1 “EFDA Remote Participation Workprogramme 
2004-2005”, August 2004 

• RPTC-172 “EFDA Data and Computer Access Overview” Part 1, August 2004 
• RPTC-173 “EFDA Data and Computer Access Overview” Part 2, August 2004 
• RPTC-174 EFDA Technology Contracts 03-1101 and 1102  Report M2 “RP status 

summary ofin the “new” EFDA Laboratories (Euratom Fusion Associations ÖAW, 
IPP.CR, HAS, University of Latvia, and MEC, and in the fusion programmes in Bulgaria, 
Slovakia, Estonia, Slovenia and Poland)”,  July 2004 

• RPTC-178 EFDA Technology Contracts 03-1101 and 1102 “Major Tests of EFDA 
Teleconferencing Infrastructure” October, 2004 

• RPTC-180 EFDA Technology Contracts 03-1102 Report M3 “Status report of remote 
participation facilities in the Euratom Fusion Associations ÖAW, IPP.CR, HAS, 
University of Latvia, and MEC, and in the fusion programmes Bulgaria, Slovakia, Estonia 
and Slovenia”, January 2005 
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ITER design activity: Bolometer tomography 

S. Kálvin 
KFKI-RMKI 

Contact E-mail: kalvin@rmki.kfki.hu 
 

Association/HAS contributes to ITER design activities via an EFDA Art.5.1.b. contract in the 
field of tomographic studies for the ITER bolometry diagnostic. The aim of this project is to 
assess the reconstruction capabilities of the bolometer system and optimize the Line of Sight 
(LOS) and camera arrangement. 
 
The ITER bolometer system is measuring the total radiation emitted by the plasma along z 
large number of LOS and attempts to assess the properties of the radiation profile. The 
bolometer system is an indispensable diagnostic instrument for ITER. It facilitates the control 
of the radiated power fraction and of the position and quantity of the radiation in the divertor, 
which is important to limit the heat load onto the tiles. Furthermore, simulation of the 
radiation profile can be compared to the measured profiles in order to assess the applicability 
of the models used in the simulations. The estimation of the emission profile requires full 
tomographic reconstruction, other quantities such as the total emitted power require only a 
subset of the channels. Therefore, the requirements for full tomography are investigated. This 
diagnostic is one of the most complicated ones foreseen for ITER. The complexity arises from 
the large number of measuring channels (approx. 400). It is of upmost importance to keep the 
number of the channels to a minimum while good reconstruction is still possible. Due to the 
large difference in the magnitude of local emission in the bulk and divertor area a separate 
tomography method have to be used. A significant part of the radiated power loss is carried 
by the neutrals playing an important role in the power balance and  wall loading, Therefore, 
care should be taken in the design of the bolometer system that the separation between 
electromagnetic and neutrals radiation should also be possible in ITER.  
 
The study was performed by numerical simulation, taking various radiation profiles and 
calculating the measurement signal for different LOS arrangements. To simulate the real 
measurement   noise and error was added to the signals, and afterwards the tomographic 
reconstruction was done. The resulting profile and some physically meaningful quantities 
(flux-surface averaged emissivity, total radiation within flux surfaces, spatial CX-neutral 
contribution) were compared with the original prescribed values.  
 
The final conclusions of the study were the following: 

• A method was developed and tested for the combined reconstruction of the bulk and 
divertor radiation profiles (see Fig. 39). The method is based on the fact that the bulk 
plasma radiation profiles can be reconstructed using the channels seeing only the bulk 
plasma. This emission profile can be used for correction of the signals of all channels 
and then the corrected signals can be used for the reconstruction of the divertor 
radiation.  

• A method was tested for determination of the contribution of the CX-neutrals to the 
total radiation. This technique is based on the assumption that the channels looking 
through the hot bulk plasma to the divertor chamber - the main source of the CX-
neutrals - do not detect any neutral particles. 

• A LOS arrangement was proposed (see Fig. 38.) which is suitable for the 
reconstruction of the radiation profile with the required accuracy.  
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• The analysis showed that in order to fulfill the required reconstruction quality, the 
total error of the measurements has to be less than a few percent and the noise of the 
detectors has to be less than approx. 10µW/cm2 . 

• In the case of no divertor channels available, the inner wall detectors are indispensable 
for the reconstruction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 38. The proposed LOS arrangement 
 and the coverage of the LOS in the 
 projection space. 
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Total rad.(test/rec)            : 175.53MW    / 177.32MW   error:   1.019% 
Inside q95 rad.(test/rec)    :   38.89MW    /  38.63MW    error: -0.6507% 
Below Xp. rad.(test/rec)   : 110.42MW    / 111.76MW    error:  1.212% 
Below Tp. rad.(test/rec)    : 134.53MW   / 135.82MW    error:   0.958%  
CX load  (test/rec)             :     9.3  MW  /      8.7 MW     error:  6% 
 
Fig.39. An example of the combined reconstruction of the bulk and divertor radiation in the 
Presence of CX-neutral contribution. 
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Fig. 40. Divertor Cassette Showing Location of 

Gas Seals 

Gas seal 

 

Measurement of Gas Permeation through Seal Material 
A. Horváth, Gy. Jákli, G.Nagy 

KFKI-AEKI 
Contact E-mail: nagyg@sunserv.kfki.hu 

 
EFDA task: 
TW4-TVM-GASLEAK: Measurement of Gas Permeation through Seal Material and Out-
gassing Measurements 

Introduction 

The ITER divertor is designed to pump exhaust gases from the plasma into the sub-divertor 
volume and from there the gas is pumped by the vessel pumping system. Calculations show 
that the existing gaps between the divertor cassettes, defined for mechanical and assembly 
reasons, need to be blocked to reduce gas backflow. One solution that is considered for the 
closure of these gaps is the use of flexible felt type materials based on Carbon Fibre, which 
allow sufficient compliance between the cassettes whilst at the same time closing the gap. The 
other type of material which is specified for the task is stainless steel mesh.  

Objectives 

This task is aimed at measuring the gas 
permeability of the specified materials under 
conditions replicating the vacuum conditions 
in the ITER divertor (Fig.40.). In addition the 
out-gassing of the felt material is needed to be 
known in the operating temperature range of 
the felt material as this affects the ITER pump 
down time and inter-pulse period. The Carbon 
Fibre felt materials have very high surface 
areas relative to their mass, and hence could 
have high out-gassing rates.  

Experimental 

Permeability of the felt materials is measured with constant gas volume and variable pressure. 
The gas permeation apparatus consists of a two compartment housing, a smaller gas container 
on the inlet side and a larger vacuum buffer on the outlet side. The vacuum pump is attached 
to the negative side of the apparatus. The pressure difference between the positive and 
negative side is measured by a capacitance type differential pressure transducer. The 
permeability is derived from the pressure difference as a function of time.  
According to the task requirements, the felt samples were tested in compressed state. The 
gases used for the permeability test are H2 and He. The permeability tests were done at room 
temperature, but the apparatus were heated up to 100°C prior each runs in order to remove the 
desorbed species from the walls. The pressure range in the tests was 1-10Pa. 
In our concept the gas flowed across the test cell and the seal material (Fig 41.), while the 
pressure difference is measured between the inlet and outlet. In this configuration the gas flow 
is not controlled, therefore the pressure decreases in time. The permeability is derived from 
the time derivative of the pressure.  
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Fig. 42. SEM picture of the carbon felt 

 
 

 
Fig. 41. Cross section view of the test cell housing used in the gas permeability tests. 

 

 

 

 

 

 

Results 

We have found that the resistivity of the felt materials against H2 and He gases at these low 
pressures is rather low. The gas flowed thorough the cell very fast, therefore the correct 
measurement of the pressures was not trivial. After a thorough review of the cell design and 
repeating the experiments with two levels of compression (compressed to 1/2 and 1/4 
thicknesses) we concluded that flow channels could be formed between the fibres of the felt 
material (Fig.42.), which reduce the efficiency. 

Remaining work 

The experiments will continue with the stainless steel mesh seal. The inner surface of the felt 
materials will be measured with BET method.  
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Modification of ITER Materials Documents and Assessment of Materials 
Data for Licensing 

F. Gillemot 
KFKI-AEKI 

Contact E-mail:gillemot@sunserv.kfki.hu 
 

Objective 

 
Material research represents a significant part of the European and World-wide efforts on 
Fusion research.  The properties of new and existing materials need to be known in detail by 
Designers and by the Licensing Authorities.  The existing data is being updated, revised and 
extended to be ready for Licensing of ITER.  The deliverable of the project is the ITER 
Materials Property Handbook (MPH).  Several Associations (UK, French, Dutch, Russian, 
and Hungarian) and the ITER Close support Unit staff solved the task in team work. 
. 
 

Results 

 
The MPH files are prepared for several structural materials e.g. for different type of stainless 
steel, Euroferr, Copper, and copper alloys, titanium alloys etc. The MPH files include 
mechanical properties (tensile, elongation, reduction of area, Charpy impact transition 
temperature, fracture toughness, fatigue limits) as well as physical properties (Young 
modulus, thermal expansion, thermal conductivity, electrical resistance, density etc.) and the 
chemical composition of the materials. The properties are given in the function of the 
temperature, and they are mostly given for irradiation aged condition too. The MPH files are 
based on the datasets obtained from international codes (ASME, RCCM, Military Handbook, 
ASDTM and ISO standards etc.), research results made for ITER, and collected from the 
literature. The resulted documentation will reach the relevant authority for licensing ITER, 
and the designer will use to elaborate the final reliability analysis of ITER. 
     

Methods 

 
The team members collected data from the available sources. The standard data and the 
literature data used separately to ease the acceptance by the relevant authority. Data have been 
analysed by different members of the team, and the drafts of the MPH files have been 
prepared. These drafts have been discussed on MPH meetings by the whole team, corrected 
and accepted.  The Final MPH files are summarized by the EFDA team. The Hungarian 
Association participated in the evaluation of the drafts, and in the elaboration of Ti-6Al-4V 
files. 
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Establishment and Maintenance of Material Database 

F. Gillemot 
KFKI-AEKI 

Contact E-mail:gillemot@sunserv.kfki.hu 
Collaboration: A.S.I. LLc 

 

Objective 

 
The purposes of the foundation of a fusion material database was firstly to collect the existing 
data for design and licensing purposes for ITER, secondly to consolidate the data so that it is 
easily available to material researchers in the future, to identify holes in the existing 
knowledge base and to help establish directions for future material research.  

Results 

 
WEB based database according to the fusion community requirement have been elaborated. 
The database includes mechanical and physical properties of the different structural materials. 
The database structure has been elaborated for the typical fusion relevant metallic structural 
materials (steels, stainless steels, Euroferr, copper and tungsten, titanium etc.) and for the 
properties of several non-metallic material (SiC-SiC, ceramic and composite materials etc.).  
The database stores separately the raw, the evaluated and accepted data. This feature enables 
the designer and the licensing authorities to evaluate the reliability of the data, and it also 
helps the correction of errors. 
 
 
 

Methods 
 
Several Associations (UK, French, Dutch, Russian, and Hungarian) and the ITER Close 
Support Unit staff solved the task in team work. Most of the database structure definition and 
software preparation have been elaborated by the UK Association, which leads the work. 
The other participants supplied information on the existing databases, and checked the beta 
version of the database. Database meetings have been organized for the teamwork.  
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Education and PR activities of association HAS in 2004 

Ö. Benedekfi, S. Zoletnik 
KFKI-RMKI 

Contact: benedekfi@rmki.kfki.hu 
 

PR activities 
 
After the successful Fusion Exhibition in 2003 Association HAS in 2004 focused its PR 
activities to non-personal communication. The following PR actions were executed: 
 
• A new spectacular flash-based homepage was developed in Hungarian and English. 
The following materials were prepared to the homepage: 
 

- Popular articles on fusion 
related topics 

- Poster exhibition about fusion 
research 

- Starmakers film with 
Hungarian dub 

- Education materials for 
university students 

- Glossary of fusion terms 
- Pressroom for journalists 

about the latest news on 
fusion  

- Link collection of fusion 
webpages 

Uploading the homepage with further information is going on. Online communication 
campaign is planned in 2005 to increase the number of visitors.  
 
• An article was written in the bimonthly EFDA newsletter about the history and 
activities of the Hungarian association.  
 
• A Hungarian web page was prepared to the EFDA homepage 
 
SUMTRAIC-2004 
The course on experimental plasma physics was organised the second time in collaboration 
with the Czech fusion Association at the CASTOR tokamak in Prague This time participation 
was really international with students from Slovakia, Bulgaria, Estonia, Belgium, Czech 
Republic, Egypt and Hungary. As the first year showed that a 5-day course is rather busy, 
therefore this year it was extended to 10 days, including a weekend as well. The students were 
arranged into thee groups, each group worked in one of three fields: probe measurements, 
spectroscopy or turbulence measurements. From the two (Czech and Hungarian) supervisors 
the groups received an introduction to the field and experimental devices. They had to 
develop their own data evaluation programs in IDL, do measurements and evaluate data. On 
the last day a small workshop was organised where each group presented its results. The 
groups also had possibility to do experiments in the field of the other two groups. An 
interesting outcome of SUMTRAIC is that two Hungarian Ph.D. students from the previous  
year presented an experimental proposal and performed a two-week measurement on 
CASTOR.  
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Blanket maintenance in a fusion reactor 
D. Nagy 

KFKI-RMKI 
Collaboration: Forschungszentrum Karlsruhe (FZK) 

Contact email: daniel@kfki.rmki.hu 
 

In the frame of the EURATOM Mobility Agreement one Hungarian engineer was sent to FZ 
Karlsruhe to get education in DEMO studies done by FZK. The report summarizes the 
achieved results. 

In a future power fusion power plant the tokamak will be lined with blanket elements being 
the first structures to face the plasma. These blanket elements will have three main tasks: (i) 
protect the outer structure from the neutron bombardment; (ii) take the heat away with the 
coolant; (iii) breed fuel (tritium).  

Unfortunately, the neutron bombardment damages the steel, the structural material of the 
blankets (it becomes brittle), therefore must be replaced in every five years (according to 
current assumptions). During blanket replacement the reactor must be shut down, and 
depending on the blanket segmentation and applied maintenance scheme the operation can 
last from several months to a whole year.  From the above two figures (five years and 1 year) 
it is therefore clear that blanket maintenance very much affects the availability of the reactor 
which is a key characteristic to the economical operation of a fusion power plant and 
choosing the right maintenance scheme therefore is a most important issue. 

There are several hundred elements to replace and the individual blanket elements are 
connected to the vessel hydraulically and mechanically. In the course of replacement these 
two kinds of connections must be severed/established. Hydraulic connections mean cooling 
and other pipes which must be cut and re-welded, mechanical connections mean bolts or other 
devices by which the blankets are actually connected to the vessel.  

The maintenance scheme proposed by the Forschungszentrum Karlsruhe for DEMO fusion 
reactor is based on the fact that among all the operations that are in connection with 
replacement it is the welding and inspection of welding that takes the most time. Instead of 
integrating the pipe tools and mechanical connection tools into one in-vessel machine the 
maintenance would go along two separate, largely independent lines: hydraulic 
connections/disconnections and mechanical connections/disconnections. For the hydraulic 
connections/disconnection a special in-bore tool is to be employed which is inserted through 
the “other” end of the pipes to reach the desired position behind the blankets from the “back” 
and perform the necessary operation (cut/weld/inspect). For the mechanical part and for the 
manipulation of the elements a rail-based in-vessel manipulator is to be used. The advantages 
of the application of two machines is apparent: increase of parallel operations reduce 
maintenance time and the in-vessel machine can be significantly less complicated. 

Since the Hungarian contribution to this maintenance scheme focused on the in-vessel 
manipulator, in the following that will be described: 

The machine is based on the ITER remote handling concept but the boundary conditions have 
changed: major radius increased from 7,5m to 8,6; and in the case of DEMO a weight limit of 
10 t applies to the individual elements instead of the 5 t at ITER. 
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                                      Fig.45.  Remote handling machine built up  

 

 

 

 

 

 

 

 

 

 

                                 Fig.46.  Remote handling machine in the reactor  

Installation and operation of in-vessel remote handling machine (Fig. 45 and 46): A rail is 
built up in the middle of the vessel along the major radius of the tokamak, and is supported 
from four ports with long radial arms attached perpendicularly to the rails. These arms occupy 
the upper sections of the ports. On the rail four manipulators are operating, each being 
responsible for a 90 degree section. These manipulators can travel along the rail reaching 
every element within their section with a telescopic arm and are capable of highly complex 
movements at great precision manipulating the elements at max 4 m distance. The 
manipulators take the old elements to the ports where the element exchange takes place 
through the lower sections of them (the upper sections being used for the support of the rails) 
with a dedicated device, an in-vessel transporter, which will be used to transport the old 
elements away and bring new elements into a position where the in-vessel manipulator can 
grab them.  

The main characteristic feature and advantage of this system is that for all the operations 
involving the in-vessel blanket replacement (installation of the rail, support and element 
exchange) only the opening of the four equatorial ports are required, and no in-vessel 
components are “touched” for support. 

Rail 
support 

Telescopic arm 

Manipulator vehicle 

Port sides 

Rail 

Equatorial port 

Upper port 

Blanket elements 
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Annex 1. Financial information 
 
 
 
 

Key account figures of Association/HAS in 2004 
 
 

   
EXPENDITURE 

(EUR) 
 

General Support   (20% EU contribution)  664 332   

  Physics 540 920  

  Underlying Technology 57 914  

  Inertial Fusion Energy 65 498  

JET Notification (EFDA Art. 6.3)   (20% EU contribution) 0  

JET Order   (100% EU +EFDA contribution) 0  

EFDA tasks Art. 5.1.b   (40% EU contribution) 134 845  

  ITER bolometry FU06 CT 2003-00182    37 250   

 Remote participation support FU06 CT 2003-00344   14 900   

 Materials database FU06 CT 2003-00159    22 350   

 Gas leakage measurement for ITER sealing FU06 CT 2004-00116     23 095   

 Modification of ITER Materials documents FU06 CT 2003-00305    37 250   

Technology Tasks EFDA  Art. 5.1.a   (20% EU contibution) 0  

Missions and secondements under the Agreement on Staff Mobility    
(100% EU contribution) 

164 141 
 

 TOTAL  828 474 

Priority Actions   (Additional 20% EU contribution) 0  

Collaborative actions    (Additional 20% EU contribution) 513 719  
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