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FOREWORD 

 

This yearbook is prepared for the Steering Committee of the Hungarian Fusion Association to 
give an overview of the annual activities. However, during the compilation care has been taken to 
make the overview readable for the general public as well. Given the limited space not all expressions 
and concepts can be explained but the non-expert reader can always refer to the introductory materials 
available on the Internet. For Hungarian readers, it is especially worthwhile visiting the Hungarian 
Association homepage at www.magfuzio.hu. 

In 2008 the Association has continued its journey from research on present-day fusion devices 
towards the next generation experiments ITER and Wendelstein 7-X. This way, activities encompass 
fields from basic fusion plasma research through the highly specific physics topics of ELMs and 
turbulence to technology development. A young and enthusiastic physicist-engineer team has 
developed in the Association during the past 3 years and in 2008 we started to feel the advantages of 
this multidisciplinarity. Our sophisticated detectors and numerical techniques give deep insight into 
plasma processes, and the results encourage further technical development. I personally believe that 
this symbiosis of science and engineering will lead to new techniques not only applicable to fusion but 
in industry as well. For this reason the Hungarian Academy of Sciences started two spin-off companies 
and they are determined to distribute our technical developments and help the Hungarian industry in 
participating in fusion research. 

I would like to take this opportunity to thank our sponsors at EURATOM, the Hungarian 
Academy of Sciences and the National Office for Research and Technology for their help. Without 
their support it would have not been possible to achieve the results described in this report. 

 

 
 
 
 
 
 

 Dr. Sándor Zoletnik 
 Head of Association 
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EXECUTIVE SUMMARY 

 
In 2008, Association HAS contributed to the 

European fusion program mainly in the following three 
fields: 

• further development of the ITER physics 
basis, 

• development of plasma diagnostic systems, 
• development of new emerging technologies. 

Besides these, some work has been done in keep-
in-touch activity in inertial fusion energy, in training of 
young scientists, in remote collaboration techniques and 
in PR activities.  

The Association does not have a fusion 
experiment on its own but its scientists took part in the 
work at a large number of major European devices: the 
TEXTOR tokamak (Jülich, Germany), the ASDEX 
Upgrade tokamak (Garching bei München, Germany), 
the TCV tokamak (Lausanne, Switzerland), the MAST 
tokamak (Culham, UK), the COMPASS tokamak 
(Prague, Czech Rep.), the Wendelstein 7-X stellarator 
(under construction in Greifswald, Germany) and the 
JET tokamak (Culham, UK). The participation on these 
machines covers provision of new diagnostics, 
development of modelling and taking part in 
experimental research. These collaborations were made 
possible by the Mobility Programme of EURATOM. 

ITER Physics basis 

In 2008 our main efforts were focused to 
determine how pellets trigger the ELM instability, the 
behaviour and origin of plasma turbulence, plasma 
interaction with pellets and gas jets.  

Pellets injected into the plasmas trigger ELMs, 
which is one candidate means of controlling the ELM 
heat load in future devices. This phenomenon has been 
studied in detail on ASDEX Upgrade by observing both 
the ablation process and the induced MHD waves. 
Similar investigations are planned on the JET tokamak, 
therefore a fast imaging camera system was recently 
developed at JET in the frame of an EP2 Upgrade 
project. (CIEMAT, IST, HAS collaboration). The timing 
and imaging of the diagnostics has been tested in detail 
and first measurements were made in JET plasmas. The 
acquired images show filamentary structures starting 
from the pellet and appearing during the ELM. Some 
related ELM studies were done on TCV where the 
radiation profile evolution was measured during the 
ELM and strong localised increase was found on the 
inboard side at an early phase. On MAST the trial BES 
system could detect finger-like structures protruding 
from the plasma boundary into the scrape-off layer.  

Another application of pellet injection is the 
mitigation of the effect of a plasma disruption by so 
called “killer” pellet injection. High Z killer pellets can 
cool the plasma by radiation effectively, but may lead to 
the generation of runaway (high energy) electron beams. 
This process has been studied in numerical simulations 

in order to find optimal parameter ranges. The pellet 
calculations have been extended to the case of ITER as 
well and an already existing pellet database was further 
to give a more reliable experiment-based indication for 
pellet fuelling in ITER.  

On the TEXTOR tokomak, a Lithium BES 
system optimized by the Association for turbulence 
measurements started operation in 2008. Basic 
turbulence properties have been measured in different 
plasma scenarios: fluctuation amplitude profiles, 
temporal and spatial correlations and power spectra from 
the scrape off layer to the edge plasma were analysed. 
The phenomena observed with reflectometry (quasi 
coherent modes, broadband and low frequency 
turbulence) are well resolved with BES as well. 

On MAST preparations for a final two-
dimensional BES diagnostic on a heating beam was 
progressing in 2008 and the trial 8-channel BES system 
was also operated. This final system will look at the SS 
heating beam through an in-vessel optics frontend. An 
ex-vessel optical setup will contain interference filter and 
a specially-built two-dimensional (4x8 element) 
avalanche photodiode (APD) camera. The diagnostic is 
planned to be finished in 2009. 

On JET a trial 4 channel turbulence measurement 
has been installed on the Li-beam in the framework of an 
EP2 upgrade project lead by the Association. First 
measurements show signals form plasma turbulence, but 
for regular measurements an upgrade of the Li-beam 
intensity is necessary. 

The data analysis experience of the team has also 
been used for the examination of sawtooth oscillation on 
the ASDEX Upgrade tokamak. The MHD activity 
preceding and following the sawtooth crash has been 
explored with advanced numerical techniques.  

On the TCV tokamak a gas jet injector was built 
and installed by the Association in the previous years. 
This can be used for disruption mitigation, gas-puff 
imaging diagnostics and other plasma manipulation 
purposes. In 2008, this device has been used in 
combination with the bolometer tomography system to 
study how the plasma radiation evolves after the 
injections. The same bolometer diagnostic was also used 
for studying the behaviours of the slowfake divertor, a 
new concept being tested on TCV. 

Development of plasma diagnostics 

For the reliable results of the Beam Emission 
Spectroscopy a stable, high current ion source is 
necessary. To reach this aim we began to develop a 
special heated ceramics Lithium ion source some years 
ago. This work continued in 2008. In 2007, it became 
clear that the heater based on Tungsten or Molybdenum 
filaments embedded in ceramics cannot reach the 
required 1380 Co temperature reliably. Therefore in 2008 
the development continued towards a SiC-based volume 
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heater. Optimization of the construction is still underway 
as the manufacturing and testing cycle of a single test 
emitter takes months. 

Some theoretical considerations were done to 
explore the possibility of BES using Sodium beams. In 
this respect the RENATE beam simulation code was 
extended with Sodium atomic data. 

A large superconducting stellarator (W7-X) is 
being built in Greifswald, Germany. Here the 
Association has been charged with the development of a 
10-camera video monitoring system which is one key 
start-up diagnostic. In 2008, the mechanical design of the 
camera capsule and transport system was finished, 
components for one camera manufactured, mechanical 
and heating tests performed in the laboratory. The results 
showed that the chosen solution is adequate for the 
camera system, therefore the 10 mechanical setups can 
be manufactured in the following years. The system will 
have to be installed in 2013. A special CMOS sensor 
based camera is also being developed for this diagnostic. 
A test version has been developed and tested in previous 
years, now it has been installed on the COMPASS 
tokamak and registered the first plasma discharge after 
the reinstallation of the tokamak in Prague. A new 10 
Gbit optical fibre link has also been designed for this 
camera as it would greatly ease integration into the 
complex fusion environments.  

For ITER the Association is involved in the 
preparation of 4 diagnostic systems: bolometry, 
equatorial port visible cameras, LIDAR Thomson 
scattering and core Charge Exchange Recombination 
Spectroscopy (CXRS). 

For the bolometer system tomography analyses 
were continued to assess the system performance and 
optimise its layout. Engineering analyses were 
performed for the planned minicameras to assess their 
cooling needs.  

For the LIDAR system the mechanical design of 
the optical frontend part has been done and a thermal 
simulation performed to assess the heating due to plasma 
radiation and neutrons. 

In the CXRS diagnostic development the 
Association is involved in the design of the so-called 
retractable tube, a huge element holding the first mirror 
and enabling its replacement without removal of the 
whole diagnostic. 

For the Visir diagnostics a design for the frontend 
mirror system was done in the previous year. In 2008 the 
work was on hold, waiting for a collaboration agreement 
on the continuation. 

Emerging technologies 

Three main topics can be mentioned in this 
category: development of the Test Blanket Module for 
ITER, the study of DEMO maintenance concepts and 
materials development. The first field aims at the 
construction of test cassettes for ITER which could test 
the tritium breeding process. Two such proposals have 

been elaborated in Europe and a consortium has been 
established for the coordination of this work. Hungarian 
engineers are involved in the design and simulation of 
Helium gas cooling, the construction of the HELOKA 
and related facilities in Karlsruhe which intend to test the 
Helium cooling under realistic conditions and the design 
of the remote handling operations for installation and 
maintenance of the TBM cassettes. 

For fusion power plant studies the Hungarian 
contribution is the design of maintenance concepts for 
the blanket of the device. This is going to be a 
component where tritium is produced and the neutron 
energy is converted to heat. Due to the neutron 
bombardment the blanket will need replacement every 
few years, therefore the segmentation of the blanket and 
the way how it is handled is essential.  

Another critical element of a future reactor will 
be the utilization of radiation resistant materials, or at 
least minimisation of the radiation damage. For this 
purpose a theoretical study is being performed to try 
understanding the damages from molecular dynamics 
simulations and new ceramics are being developed using 
nanotechnology.  

Keep-in-touch activity 

The EURATOM fusion programme is oriented 
towards magnetic fusion but has a Keep in Touch 
Activity in inertial confinement fusion. In the framework 
of this activity, further experiments were carried out in 
the direction of harmonic light generation in laser 
plasma. Another interesting development is the study on 
the applicability of plasma mirrors in the experiments. 
The inertial fusion activities are done in collaboration 
with the University of Szeged and the Max-Planck-
Institute für Quantenoptik in Garching, Germany. 

As for training and career development in 
2008, the 6th Summer Training Course (SUMTRAIC) 
for experimental plasma physics has been jointly 
organized with the EURATOM Association IPP.CR at 
the University of Technology and Economics in 
Budapest, Hungary. These series of summer courses are 
distinguished by their special emphasis on experimental 
research. For this occasion a new version of our glow 
discharge tube was built with increased reliability of 
operation and improved Langmuir probes. The 
SUMTRAIC 2009 will again be organised at the newly 
installed COMPASS tokamak in Prague. 

The strong European collaboration of the 
Hungarian Fusion Programme calls for good 
videoconferencing equipment. This is the reason why 
Association HAS is one of the coordinators of the 
development of Remote Collaboration techniques for the 
European Fusion Development Agreement. 

The participation in the annual SZIGET Festival 
is a traditional PR activity done jointly by young fusion 
and fission researchers. Here the features and techniques 
of nuclear energy production are explained to the young 
public over a week’s time.  
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ITER PHYSICS BASIS 
 

TURBULENCE AND FLOW MEASUREMENTS AT TEXTOR 

G. Anda, T. Baross, D. Dunai, I. G. Kiss, 
S. Kálvin, T.Krizsanóczi, B. Mészáros, 

G. Petravich, J. Sárközi, S. Zoletnik 

KFKI-RMKI 

Collaboration: IEF-4, FZ-Jülich 

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

A Beam Emission Spectroscopy measurement 
system optimized for turbulence measurements has been 
recently installed at TEXTOR tokamak. The combination 
of a bright Lithium atomic beam, high throughput optics 
and specially developed low noise high frequency 
detectors makes this diagnostics optimal for turbulence 
measurements. In the beginning of 2008 a 16 channel 
avalanche photodiode (APD) camera unit utilizing low-
noise amplifiers was installed parallel to the previously 
installed CCD camera. The APD detectors measure the 
beam emission in 500 kHz analogue bandwidth with 2.5 
MHz sampling. A big advantage of this detector type is 
that it is not sensitive to the magnetic field, so the camera 
unit can be close to the tokamak. The minimum level of 
detectable plasma fluctuations is limited by the statistical 
photon noise, with δne/ne ∝ 1/N1/2 where N is the number 
of photons detected in the integration period. This 
corresponds to a photon noise level of ~ 2.2 % at 500 kHz 
bandwidth with 1010 detected photon/sec. Simulations and 
measurements both showed that the photon statistical 
noise dominates the electronic noise at detected photon 
rates above 5·109 γs-1. The photon flux at the maximum of 
the emission profile is up to ~3·1010 photons /sec 
/channels causing less than 2% photon statistical noise in 
the signal including the excess noise of the APD 
amplification process. Using correlation technique the 
fluctuation amplitude can be resolved with 0.1% 
resolution. 

A sophisticated beam manipulation system has 
also been installed, which is synchronised with the data 
acquisition system. The diagnostic beam can be diverted 
from the plasma by applying an electric field to a pair of 
deflection plates, which are located between the ion optics 
and the neutraliser. The applied electric field can either 
chop or poloidally deflect the beam a few cm in the 
plasma. If the beam is removed from the plasma, the 
background light level can be continuously monitored. 
This beam chopper can be operated up to 250 kHz giving 
a possibility to monitor the background on the time scale 
of the turbulence. Figure 1. shows a 180 kHz chopping as 
an example. With this method correlation functions of 
background-corrected beam light signal and the time 
evolution of the density profile with 4 microsecond time 
resolution can be calculated. The presently used density 
reconstruction code is not suitable for this calculation so 
the development of a new Bayesian method based code 
has been started. If the beam is periodically deflected only 
a few cm in the plasma (with up to 200 kHz frequency) 

two virtual beams are present in the observation area in 
slightly different time. Calculating the cross-correlation 
between fluctuations measured in the two beam phases 
poloidal flow velocity profile can be deduced directly. 
The study of velocity modulations due to both the internal 
dynamics of turbulence (zonal flows) and changes related 
to resonant magnetic perturbation is possible. In the 
measurements the velocity profile was routinely 
measured, but GAMs were not found in the deflected 
signal. Careful analysis and simulation is needed in the 
near future. 

 
 

Figure 1. 180 kHz beam chopping measured by an APD detector 

The Li2p emission profiles can easily be calculated 
from the pictures of the CCD camera. The above 
described deflection system synchronized with the camera 
frames is used for measuring the background light 
precisely. The edge and SOL electron density profile is 
basic information for the different plasma scenarios. The 
time evolution of the density profile can be followed 
during the whole discharge up to 100 Hz. For the density 
reconstruction the IPP “Absolute” code is used.  

Basic turbulence properties have been measured in 
different plasma scenarios: the absolute and the relative 
fluctuation amplitude profiles, temporal and spatial 
correlations and power spectra from the scrape off layer 
to the edge plasma were analysed. The phenomena 
observed with reflectometry (quasi coherent modes, 
broadband and low frequency turbulence) are well 
resolved as a function of radius. In the outer channels 
relatively high amplitude structures are observable with 
long (50 µsec) decorrelation time. These edge structures 
were seen on other devices as well and can be identified 
as SOL and edge turbulence. The relative level of 
fluctuations drops as we look deeper into the plasma. In 
the core 0.5% fluctuation can be identified as the 
detection limit is 0.1% in a sufficient long integration 
time (~10 msec). Different high frequency radially 
localized MHD modes were also observed up to 100 kHz 
frequency. These measurements complement the results 
of the correlation reflectometry which are available only 
for 0.6<r/a<0.95. A typical 2D correlation function is 
shown in Figure 2. The synchronisation of the data 
acquisition to TEXTOR main clock is planned for next 
year, and then the calculation of cross-correlation with 
signals of other fast diagnostics becomes possible.  
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Figure 2. 2D correlation function in an ohmic discharge. The reference 
channel is inside the LCFS. The colour scale corresponds to the relative 

fluctuation amplitude (%). 

Higher amplitude transient events and waves can 
be observed directly, which gives an excellent tool to 
resolve Edge Localised Modes (ELM). Very few 
measurements were done in limiter H-mode experiments, 
but we plan to continue these investigations. With the 
beam refurbished beam manipulation system the Li-Bes is 
the ideal diagnostics to explore the L-H transition. As an 
example on Figure 3., 14 kHz growing nonsinusoidal 
MHD mode is presented before an ELM. It has to be 
noticed that this mode is often seen in the pedestal region.  

 

 
Figure 3. Series of light profiles showing the 14 kHz mode before an 
ELM 

 

 

CHARACTERIZE THE TURBULENCE AND COMPARE WITH 

THEORETICAL PREDICTIONS AND OTHER 

MEASUREMENTS  

D. Dunai, S. Zoletnik,  

KFKI-RMKI 

Collaboration: UKAEA, IEF-4 FZJ 
Contact E-mail:dunai@rmki.kfki.hu 

Collaborations have been initiated with different 
theoretical groups to start a systematic comparison of the 
effect of the micro-turbulence observed in experiments 
and in simulations. There is still a gap between the result 
of simulations and the experiments as some basic 
turbulence phenomenon of fusion plasmas, which are 
detected experimentally daily, cannot be observed from 
simulated data. A self consistent model, which 
simultaneously calculates the transport and the profiles of 

the plasma parameters, has not yet been implemented. 
The limitations of the simulations theoretical predictions 
are partly technical and partly physical. These 
calculations are obviously computer demanding, so the 
finite computational power is a limit from one side. On 
the other hand the required physical model is very 
complex especially for the edge plasmas, where the 
effects of the scrape off layer plasma and the wall has to 
be taken into account. A real experiment is far too 
complex to be modelled for the existing codes. The 
initiated systematic comparison is a very promising way 
towards the understanding of the results for both 
directions. The simulations will be provided with direct 
input from the experiments, and the physical origin of 
some phenomenon could be cleared for the experiments.  

The beam emission spectroscopy was chosen from 
the turbulence diagnostics as our association has the most 
experience with BES and is involved in the BES 
diagnostics of different fusion devices. As a first step the 
MAST and TEXTOR BES diagnostics were identified, 
whose results of measurements will be compared with the 
results of the simulations. The TEXTOR BES was 
selected because of the outstanding signal quality and 
flexibility of the reinstalled diagnostics. Additionally 
TEXTOR is limiter tokamak, so the geometry for the 
simulations is simpler. Unfortunately TEXTOR is not as 
well diagnosed as the big divertor machines. The MAST 
was selected for this investigation because a proper 2D-
BES measurement is planned at the end of 2009. The trial 
BES signal quality is poor, but sufficient to start the work 
with.  

For the comparison, synthetic diagnostics will be 
developed. With given plasma parameters, where 
measurements were taken, simulations will also be done. 
The simulation codes are providing a huge amount of 
information of different plasma parameters (density, 
potential, temperature) in every time step in every 
calculation cell. Depending on the used code cells are 
identified and merged to meet the ~cm spatial resolution 
and the line of sight of the BES channels. Since the BES 
measures primarily density fluctuations, a time series of 
density will be saved. This time series is analysed with 
the same data processing codes, which were developed 
for measurements. The comparison shall show if the 
simulations can reproduce the basic properties of 
turbulent structures: lifetime, correlation length, spectra. 
This basic validation will show if one needs to modify the 
physical model in the code, so an interaction between the 
simulation and the experiment will start. This is a long 
project with many additional potentiality (additional 
devices, diagnostics can also be included).  
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ANALYSIS OF CORE PLASMA MICRO-TURBULENCE AND 

ELMS ON MAST 

D. Dunai, S. Zoletnik, A. Bencze, I. G. Kiss, B. Mészáros 

KFKI RMKI 

Collaboration: A.R. Field, A. Kirk UKAEA Fusion 

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

A trial 8-channel Beam Emission Spectroscopy 
(BES) diagnostic has been successfully operated on 
MAST in the past year for turbulence and ELM 
measurements. This diagnostic collects light form the 
SouthWest (SW) heating beam. In 2008 the SW beam has 
undergone refurbishment, the original ion source was 
replaced by a PINI type one. Conditioning of the beam 
lasted longer than expected therefore the BES diagnostic 
could not be operated in 2008. Making use of the time, 
the detector of the diagnostic has also been refurbished 
with new amplifier chips in order to improve the 
detector’s stability. Restart of the diagnostic is expected 
in early 2009. 

Analysis of MAST ELM precursor measurement 
in 2007 was completed and results presented in an oral 
contribution at the annual EPS plasma conference. Clear 
nonlinear growth of structures are seen at the pedestal but 
it is not yet clear whether these are a peculiarity of the 
giant ELMs in Single Null Divertor (SND) configuration 
or they are relevant for Double Null Divertor (DND) as 
well. Unfortunately no DND measurements are available 
yet. 

Preparations for a final two-dimensional BES 
diagnostic have been progressing in 2008. This setup will 
look at the SS heating beam through an in-vessel optics 
frontend. An ex-vessel optical setup will contain 
interference filters and a specially-built two-dimensional 
(4x8 element) avalanche photodiode array. According to 
the agreement with UKAEA the optical design is 
provided by the MAST team while the engineering design 
is done by RMKI. Manufacturing costs are covered by 
UKAEA via contracts to KFKI RMKI and its spin-off 
company. In 2008, the design for all elements has been 
completed and they will have to be agreed by UKAEA in 
early 2009. Manufacturing will commence in the first half 
of 2009 with a full system testing at RMKI in summer 
and planned installation on MAST from October. This 
diagnostic has also received EFDA preferential support as 
it is expected to provide important data for long-range 
correlations and poloidal flows in plasma turbulence. 

 

PROOF OF PRINCIPLE BES MEASUREMENT USING LI AND 

NA BEAMS ON ASDEX UPGRADE 

S. Zoletnik, D. Dunai 

KFKI RMKI 

Collaboration: E. Wolfrum, J. Schweinzer, IPP-Garching 

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

In 2007, trial measurements were done with a 
single fast detector on the ASDEX Upgrade tokamak to 
verify the capability of the Li-beam diagnostic for 
turbulence measurement. As planned in 2008 a 4-channel 
photomultiplier detector was built with an appropriate fast 
data acquisition system. Sodium beam as a possible 
alternative to density profile measurement was finally 
abandoned by the ASDEX Upgrade Team, therefore only 
interference filters for Lithium were used. Measurements 
in L-mode and ELMy H-mode were performed, but data 
evaluation has only started. 

 

EDGE TURBULENCE MEASUREMENTS ON JET 

S. Zoletnik, D. Dunai, J. Sárközi, A. Szappanos 

KFKI RMKI 

Collaboration: P. Morgan, A. Korotkov, UKAEA 

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

In the framework of the JET EP2 Li-beam upgrade 
project a 4-channel avalanche photodiode system (and a 
photomultiplier detector for comparison) was built for 
JET. A data acquisition program was developed following 
the JETFSM standard, which allows integration of the fast 
measurement data into the JET system. The aim of these 
detectors was to demonstrate turbulence measurement and 
the possibility of fast density profile measurement in the 
1-10 kHz frequency range. 

In the first measurements, 3 different detector 
types were installed to compare the signal to noise ratios 
and results were also compared to the photomultiplier 
measurements. Fast beam chopping and turbulence signal 
from the edge were demonstrated. On the basis of these 
measurements four identical detectors were installed for 
the second campaign. Measurements will be performed in 
2009. 
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FIRST IMPURITY INJECTION AND PLASMA 

MANIPULATION EXPERIMENTS WITH THE NEWLY 

INSTALLED FAST GAS 
INJECTION SYSTEM ON TCV 

 

G. Veres, A. Bencze, B. Tál 

KFKI-RMKI 

Collaboration: CRPP-EPFL 

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

A new gas injection system based on a solenoidal 
valve, a bell-shaped nozzle and a skimmer were installed 
and commissioned in 2008 on TCV. This system serves 
two main purposes: 

1) deliver minor amounts of gaseous impurities in 
short, repetitive pulses for impurity transport studies and  

2) produce a massive gas puff in one single pulse 
to provoke plasma disruption. 

The main features of the system are as follows: 

The system 

• is capable to inject four different gases (D2, 
He, Ne & Ar at present), 

• injects up-to 8·1020 particles in a 10 ms pulse 
at 25 bar backing pressure (70 bar maximum), 

• pulses as short as 300 µs can be produced, 
• injection velocities are in the range 400-700 

m/s. 

In the course of the commissioning, first the 
capability of the valve to disrupt rather simple, low 
energy limited plasmas had to be proved. A typical, 
limited plasma configuration on TCV has the following 
parameters: Ip=280 kA, Bt=1.45 T, κ95=1.4 δ95=0.2. These 
plasma configurations were successfully disrupted with 
all of the four gases by means of a 5 ms gas puff. The 
evolution of the radiation during the disruption process 
was followed by the TCV’s AXUV camera system. Also 
non-disruptive, but still massive injections were 
performed and, as an example, the tomographically 
inverted radiation distributions are shown on Figure 4. for 
a 2 ms deuterium pulse. In this shot the disruption 
occurred much after the injection indicating a density 
limit rather than a prompt radiative disruption.  

 
Figure 4. Left image – pre injection radiation distribution; middle image 
– early phase of the injection; right image – pre disruption radiation 

The DMV is mounted on an upper lateral port of 
TCV, and the AXUV cameras are installed at a toroidal 
location of 22.5 degrees away from the injection. The 
middle image on Figure 4. shows that the injected beam 
is properly collimated (approx 2 cm in diameter) and 
produces a poloidally well localized perturbation. The 
right hand side image in Figure 4. indicates (but this 
needs to be confirmed) that the beam penetrates up-to the 
q=2 surface only. 

The fuelling ratio was also determined in this 
experiment. The instantaneous jump in the line averaged 
electron density followed by the injection and as 
measured by a FIR diagnostics was found to be 1·1019 m3. 
The total number of deposited electrons could be 
calculated from the total number of injected D2 molecules 
(3·1020 in this case, resulting 6·1020 electrons). The 
volume of these TCV plasmas is around 1 m3, and so the 
fuelling ration (for the above circumstances) can be 
estimated to be below 2 percent. This is a rather low value 
and further experiments on other plasma configurations 
are necessary to better investigate its causes. 

 

FAST VISIBLE CAMERA ON TCV IN THE DUAL 

FRAMEWORK OF THE EFDA FUSION FELLOWSHIP AND 

THE ART. 1.2B AGREEMENT BETWEEN HAS AND CRPP 

A. Bencze, G. Veres 

KFKI-RMKI 

Collaboration: CRPP-EPFL 

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

The principal goal of this project is to provide a 
systematic characterisation of ELM filament dynamics on 
TCV, the first time that this has been attempted. We also 
aimed to compare and contrast the observations with 
results from MAST in both cases employing an identical 
diagnostic tool. We briefly report here the first steps in 
this direction, namely: the optical design, the diagnostic 
set-up and the first measurements done in TCV L-mode 
discharges. 

In 2006, the TCV and MAST groups jointly 
purchased Photron Ultima APX-RS high speed visible 
light imaging cameras, capable of 1024x1024 pixel 
resolution at 3000 fps, 512x512 at 10,000 fps and in 
minimum sub-array mode at 250,000 fps (128x16 pixels). 
These cameras are extremely sensitive (up to 6400 ASA) 
and can operate at very low integration times (down to 1 
microsecond). For the observation one of the tangential 
TCV ports is used, see Figure 5. (b). The designed optics 
consists of two parts: the first one is an objective which 
makes the imaging (the object distance used for design 
was 808 mm) with a field of view of 48 degrees and a 
magnification of 1:60, and the second part is the relaying 
of the image to the CMOS sensor. The whole optics has 
an f number of 4, see Figure 5. (a).  

First test measurements in plasmas are reassuring, 
see Figure 6. in terms of FOV and light level, rich 
filamentary behaviour has been observed in different 
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magnetic (standard X-point, snowflake) configurations 
and plasma regimes (L-mode, H-mode). 

 
Figure 5. (a) Optical design of the relay optics for TCV fast visible 

camera and (b) field of view (FOV) and the location of the camera 
system, top view 

 

 
Figure 6. Early phase of a snowflake divertor discharge (36546) @ 
t=0.3 s 1024x1024,3 000 fps, exposure time:20 microsec. Images from 

the left are respectively: a snapshot, the calculated background and the 

background corrected image. 

 

FAST BOLOMETRY DATA PROCESSING: INVESTIGATION 

OF THE RADIATION DURING ELMS 

G. Veres, A. Bencze, M. Berta, B. Tál 

KFKI-RMKI 

Collaboration: CRPP-EPFL 
Contact E-mail:veres@rmki.kfki.hu 

Total radiated powers by AXUV diode based 
bolometer cameras have been measured in lower single 
null, third harmonic electron cyclotron resonance (X3 
ECR) heated TCV ELMing H-mode discharges. Although 
the non-flat spectral response of the diodes means that 
total radiated powers can be in error by as much as a 
factor 2, with time resolution on the order of several 
microseconds, the cameras can resolve plasma radiation 
dynamics on the ELM timescale. Observations show that  

• most of the radiation comes from the divertor 
and outer midplane regions, 

• about 70% of the ELM induced radiation 
occurs in the first third of the ELM cycle and 

• only a maximum of ~8% of the ELM energy 
is lost through radiation (Figure 8.).  

Measurements have been made in lower single 
null, H-mode discharges heated with 1.5 MW of third 
harmonic ECRH, in which ELMs of duration ~1 ms (in 
terms of the full cycle for changes in the radiation 
distribution) are observed, each expelling on average 
∆WELM ~ 3kJ (15%) of plasma stored energy at a 
frequency of 80-100 Hz. The precise ELM type has not 
yet been determined but is likely to be Type I. Typical 
discharge parameters were: Ip=360 kA, Bt=1.45 T (with 

the ion gradB drift directed towards the X-point), κ95=1.7 
δ95=0.3, q95=2.4, central Te=1.6 keV. 

Figure 7. shows a series of tomographically 
inverted images taken at time instances -30, -20, -10 and 
0 µs. At the ELM onset (as determined from Mirnov coil 
signals and corresponding to -30 µs on the present 
timescale), the radiating zone present in the inter ELM 
phase around the X-point begins to move towards the 
inner divertor strike point (or alternatively the radiation 
simply begins to increase in the strike point region). 
Shortly afterwards, a strong radiating belt appears in the 
vicinity of the outboard midplane wall. This latter 
radiation increase is believed to be due to the appearance 
of filaments in the scrape-off layer. 

 
Figure 7. Tomographically reconstructed images of the plasma 
radiation during the early ELM phase 

The total radiated power emitted by the plasma 
during the coherently averaged ELM can be computed 
from the tomographic inversions. Figure 8 illustrates the 
time evolution of the total released energy via radiation 
(up to the time shown on the x-axis) together with the 
total loss in the stored energy. Accounting in an 
approximate way for the non-flat spectral response of the 
diodes, it basically means that an average 0.24 A/W 
power-to-current coefficient was used, it appears that only 
~8-15% ∆WELM is lost via radiation. For these TCV 
ELMs at least, the majority of the loss occurs in the outer 
midplane region early on in the ELM cycle, i.e. 
approximately 75 % of the total radiated loss occurs 
during the first third of the total stored energy decrease. 
One possible explanation for these relatively low 
fractional radiated energies is the low recycling nature of 
the TCV divertor plasmas in these low density third 
harmonic ECR heated H-modes. Even if a considerable 
amount of carbon is released in the ELM cycle, it cannot 
effectively radiate in the high divertor plasma 
temperatures. 

(b) (a) 
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Figure 8. The time evolution of the ELM averaged plasma stored energy 
and total radiation 

 

ANALYSIS OF ELM TRIGGERING WITH PELLET 

INJECTION ON ASDEX UPGRADE 

S. Kálvin, G. Kocsis, T. Szepesi 

MTA KFKI-RMKI 

Collaboration: IPP-Garching 

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

Investigation of LFS pellet injection ELM triggering 
on ASDEX Upgrade, comparison of ELM triggering 

for different pellet injection scenarios 

ELM triggering with fuelling pellets launched 
from the magnetic high-field side imposes a large fuelling 
burden on the target plasma, which leads to the 
degradation of confinement. In order to optimize this 
confinement loss pellets used for ELM triggering were 
launched from the magnetic low-field side at ASDEX 
Upgrade with the Blower-gun pellet injector. These low 
velocity (150-300 m/s) pellets are characterized by 
shallow penetration depth, i.e. low fuelling efficiency. 

The ELM triggering potential of these shallow 
penetrating pellets was investigated in a target plasma e.g. 
#23851, a type-I ELMy H-mode discharge with intrinsic 
ELM repetition rate of ~110 Hz. Pellets injected at a rate 
of 90 Hz, have changed the discharge parameters and the 
plasma was driven back into the type-III regime, see 

Figures. The same effect of pellet injection on the plasma 
was also observed for lower pellet injection rate, e.g. 20 
Hz in discharge #23873. 

 
Figure 9. MHD energy content, applied heating power, divertor H-alpha 

radiation, pellet monitor, magnetic pick-up coil signal (also high-pass 

filtered) and density measurements for AUG discharge #23852. The 
plasma behaviour changes from type-I to type-III after the arrival of the 

first few pellets at about 4.6s. 

The confinement drop caused by the pellets can be 
seen by the decrease of the W_MHD signal (on the 
average) and the increase in the background level in the 
H-alpha radiation signals. The change to the type-III 
regime can be best observed in the W_MHD signal, 
where the large fluctuations due to type-I ELMs disappear 
or in the magnetic pick-up coil signal, where the distinct, 
large ELM-spikes are replaced by smaller sized, frequent 
(almost continuous) fluctuations. 

On the other hand, in a more stable discharge clear 
triggering of type-I ELMs can be observed, and no 
change in the MHD energy content and H-alpha 
behaviour can be detected. The type-I characteristic of the 
plasma is confirmed by the increase of the spontaneous 
ELM frequency due to the increase of heating power at 
3.0 s. 
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Figure 10. MHD energy content, applied heating power, divertor H-

alpha radiation, pellet monitor, high-pass filtered magnetic pick-up coil 

signal and density measurements for AUG discharge #23913. No change 
in the type-I characteristic can be observed due to pellet injection. 

However, in some cases no ELM-triggering can be 
observed by the LFS injected pellets. 

 
 

Figure 11. MHD energy content, applied heating power, divertor H-

alpha radiation, pellet monitor, high-pass filtered magnetic pick-up coil 

signal and density measurements for AUG discharge #24025. No prompt 
ELM triggering by pellets can be observed, the ELM repetition rate 

remains unchanged. 

The reason for the absence of ELM triggering 
might be that this plasma was very strongly heated (10 
MW NBI), and the intrinsic ELM rate was ~160 Hz. Also, 
the penetration depth of pellets in such a hot plasma is 
smaller than in other H-mode scenarios, which implies 
that maybe the pellet did not reach the ELM trigger 
location. Therefore, additional experiments with smaller 
pellets and not so strongly fuelled plasma are foreseen to 
resolve this question. 

Pellet localisation during ELM triggering 

To gain a deeper insight into the ELM triggering 
process, the location of the seed perturbation (the position 
of the pellet in the plasma at the event of ELM triggering) 
and the internal delay time of the ELMs (the time 
difference between the seed perturbation the detection of 
the ELM on magnetic signals) were also determined for 
type-III ELMs. 

The method used is the same as the one previously 
used for type-I ELMs by Kocsis et al: in order to rule out 
time-of-flight components, the time elapsed after the 
pellet has crossed the separatrix until the ELM was 
detected (dtELM) was measured as a function of pellet 
velocity. An extrapolation to infinite pellet speed results 
in the desired internal delay (τ). 

In order to rule out other dependencies, pellet 
parameters were also varied. The natural ELM cycle was 
interrupted by pellets at random stages, therefore the 
dependence of the ELM delay time on the elapsed time 
(dtelapsed, the time elapsed between the triggered and the 
previous spontaneous ELM) was also studied, see Figure 

12. 

 
 

Figure 12. ELM delay time as a function of the elapsed time for type-III 

ELMs. Average values with standard deviations for the data are 
presented in the legend box. 

As one can see, no dependence on the elapsed time 
is visible. However, similarly as for type-I ELMs, higher 
ELM delay time was detected for slower pellets, implying 
that there is a time-of-flight component of the delay time, 
i.e. the seed perturbation location exists. However, due to 
the large scatter in the data and the low number of 
available experiments, no linear fit of the ELM delay time 
as the function of the inverse pellet velocity was done, but 
the data was compared to the data set of type-I ELMs. 
Based on this comparison, one may conclude that the 
internal delay time for type-III ELMs is about 1.6 times 
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higher (about 80 µs), whereas the seed perturbation is 
located deeper inside the plasma, at about 5 cm inside the 
separatrix (along the pellet trajectory), i.e. still in the 
pedestal region. 

 

INVESTIGATING THE SAWTOOTH OSCILLATION ON 

ASDEX-UPGRADE USING SXR SIGNALS 

G. Por, G. Pokol, G. Papp 

BME-NTI 

Collaboration: IPP-Garching, 

Contact E-mail: por@reak.bme.hu 

The sawtooth oscillation is a density and 
temperature oscillation frequently observed in the core 
region of tokamak type plasmas. We investigated this 
phenomenon using the soft-X-ray (SXR) signals in the 
ASDEX-Upgrade (AUG), see Figure 13. Before the 
crashes typically growing oscillation can be seen. Those 
oscillations can be decomposed into time varying 
components (Figure 14.). Some of components have well 
known character and had been indentified as modes (1,1), 
(2,2) and (3,3). Another lower frequency component at 
about 0.6 times the frequency of (1,1) mode was observed 
just before the crash. Studies of fast MHD events in AUG 
suggest that stochastization plays an important role in the 
crashes. In spite of the short time duration and small 
region of stochastization, it can lead to strong changes in 
plasma confinement. Main reason for such influence is a 
strong mixing of the magnetic field lines which destroy 
magnetic surfaces and strongly increase radial transport. 
The role of stochastization of magnetic field lines was 
analyzed, the sawtooth crash dynamics was also studied 
by means of spectral analysis, wavelet technique, short-
time Fourier (STFT) based bandpower correlation 
technique. 

An interesting observation is the amount of 
correlation between the bandpowers of frequency bands 
of the two incommensurable frequencies. Different 
sawteeth in different discharges gave roughly the same 
correlation value (about 0.6) within the error bars as show 
on Figure 15. We have observed definite time delays 
between the two bandpowers. The order of magnitude and 
direction of the time delay showed to be consistent. 
Possible explanations for relatively large correlation 
values are 

1. a common origin for both frequency 
bands with different time paths, 

2. one of the oscillations affects the other 
one and the time delay comes from that 
mechanism. 

The consistency of time delays and the constant 
value of the correlation also suggest that this is an 
independent indicator of the process. (It is important that 
the frequency of the (1,1) mode before the crash is 
different for these sawteeth.) 

 

 
 

Figure 13. Sawtooth oscillation measured in AUG by a central (blue) 

line of sight (LOS) SXR and a LOS just outside of q=1 surface (red line) 
 

 
 
Figure 14. Spectrogram estimated by STFT technique exhibiting modes 

(1,1),(2,2) and (3,3) before crash. There is a component (?), which 

seems to cause interaction with modes. We were investigating its 
correlation with modes. 

 

 
 
Figure 15. Averaged bandpower cross correlation between the main 

(1,1) mode and the submode marked on Figure 14. by „?” has about 

60% correlation and time delay character. 

(red: )%555(,)11( ±=±−≅ Amsτ , 
green: )%1030(,)14( ±=±≅ Amsτ ) 
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STUDY OF PELLET ABLATION AND FUELLING ON ASDEX 

UPGRADE 

S. Kálvin, G. Kocsis, T. Szepesi 

MTA KFKI-RMKI 

Collaboration: IPP-Garching 

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

Investigation of the effect of pellet injection on the 
plasma parameters with magnetic diagnostics 

The effect of pellet injection has been studied with 
printed circuit magnetic pick-up coils in order to 
investigate the pellet ELM triggering process. These pick-
up coils are detecting the radial component of the 
changing magnetic field, and – having minimal 
dimensions parallel to the field – they are theoretically 
sensitive to any frequency. However, the data sampling of 
2 MHz limits the detectable frequencies to 1 MHz. 

Pellets injected into type-I plasmas are known to 
trigger ELMs, which are shown as a large amplitude 
broadband fluctuation on the magnetic signals. This 
violent ELM footprint masks the pellet-induced 
perturbation; therefore the pellet injection has also been 
studied in other types of discharges: Ohmic L-mode and 
type-III ELMy H-mode. In the former, no ELM activity is 
present, while in the latter the ELM footprint is 
comparable in size to the pellet-induced perturbation – i.e. 
both scenarios allow direct observation. The pellet-
induced perturbation could be studied in the type-I case 
only if the pellet lifetime exceeded the ELM crash 
duration (for large and slower (240 and 600 m/s) pellets). 

The strength of the pellet-driven perturbation was 
characterized by the envelope of high-pass filtered pick-
up coil signal. The envelope (disregarding the sharp 
spikes caused by ELMs) was observed to monotonically 
increase with the pellet’s penetration (instantaneous 
distance of the pellet from the separatrix) for all three 
scenarios. However, no correlation between the different 
scenarios was observed. This implies that the envelope is 
only indirectly related to the penetration and it rather 
depends on plasma parameters such as electron pressure. 

 
 
Figure 16. Envelope vs. pellet distance from separatrix for OH, type-III 

and type-I H-mode scenarios 

 

 
 

Figure 17. Envelope vs .electron pressure for OH, type-III and type-I H-
mode scenarios (data points are not connected). On this plot the ELM-

related and pellet-driven perturbations can be separated. 

The pellet-induced magnetic activity was 
identified as Alfvén waves driven in a broad frequency 
range (up to 300 kHz) with a toroidal mode number n = -6 
(the negative sign denotes the ion drift direction). On the 
other hand, ELMs and pre-ELM washboard modes were 
detected with toroidal mode numbers n = 3, 4 and 5, 
which implies that the pellet-driven magnetic perturbation 
is unlikely to be the direct trigger for ELMs. 

Measurement of pellet penetration depth on ASDEX 
Upgrade for different scenarios 

The penetration depth of pellets on ASDEX 
Upgrade was studied for both LFS (Blower-gun injector) 
and HFS (centrifuge injector) setups. 

For the LFS injection setup there is a possibility to 
use a radial and a tangential (‘tilted’) injection line. The 
penetration depth for the tilted trajectory is the same for 
all pellet parameters, since this track is parallel to the 
magnetic flux surfaces, so that the penetration is only 
determined by the horizontal placement of the plasma 
column. Concerning the radial track, the penetration depth 
is determined by both the pellet and plasma parameters. 
However, since the pellet size is only varied due to the 
quality of the deuterium ice and hence the amount of 
erosion in the flight tube (the pellet size is fixed for the 
Blower-gun), and since the pellet velocity is rather low 
(150-250 m/s), the penetration depth in H-mode plasmas 
is not more than 5-10 cm. 

 
 

Figure 18. Pellet injection from the LFS with the Blower-gun. A strong 
toroidal acceleration and hence deflection of the pellet can be observed. 
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Similarly as for HFS pellets, the pellet path in the 
plasma is curved by the toroidal acceleration of the pellet. 
Based on the direction at the end of the trajectory, the 
pellet may be accelerated up to a factor of 2-3. Due to the 
small radial distance travelled by the pellet, the radial 
acceleration (deceleration) could not be studied with the 
available camera system. 

In case of the HFS injection trajectory the pellet 
track could be analyzed in detail because of the larger 
penetration depth of pellets launched from the HFS. 

 
 
Figure 19. Pellet trajectory, radial velocity and acceleration for a HFS 

pellet launched by the centrifuge injector into an H-mode plasma 

A simple model that assumes asymmetric ablation 
of the pellet was developed to describe the radial 
acceleration: due to the asymmetry in the ablation rate the 
pressure of the pellet cloud on the pellet’s inboard side is 
higher by a factor of 1+ε compared to the symmetric case. 
The cloud pressure for the symmetric case is determined 
from the NGS model of Parks et al. The acceleration due 
to this pressure asymmetry was implemented into a 
simple NGS ablation simulation code. The results of the 
simulation have revealed that a pressure asymmetry of 
5% is enough to reproduce the measured acceleration. 
The measurements and results of the simulation were also 
compared to the results of another simulation code by I. 
Senichenkov, developed in St. Petersburg, Russia. 

 
Figure 20. Measured (black) and simulated (colour) pellet trajectories 

for four levels of asymmetry. In the case presented an asymmetry level of 
5% results in a very good agreement between the measured and 

simulated trajectories. 

 

DIAGNOSING PELLET ABLATION IN THE PLASMA ON 

ASDEX UPGRADE 

S. Kálvin, G. Kocsis, T. Szepesi 

MTA KFKI-RMKI 

Collaboration: IPP-Garching 

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

Development of video diagnostics for the Leidenfrost 
gun pellet injection at ASDEX Upgrade 

The Leidenfrost gun is located in sector 16 of 
ASDEX Upgrade (AUG), with a slightly curved pellet 
injection line entering the torus from the LFS a few cm 
below the midplane. There are two possible pellet tracks 
inside the plasma: 

• Horizontal track: the pellet is injected 
perpendicular to magnetic flux surfaces in 
order to achieve the maximum penetration 

• Tilted track: the pellet is injected parallel to 
magnetic flux surfaces so that penetration is 
limited to the pedestal region. Consequently, 
penetration is not influenced by pellet 
parameters, but it can be set by shifting the 
plasma column horizontally. 

For the horizontal injection a vertical camera view 
has been developed in AUG port 16Eo. A re-entrance port 
with a glass window at the plasma end allows a clear view 
from the top of the machine to the injection line for a 
visible light camera. The image is produced by a wide-
angle pinhole objective and it is transferred by an image 
guide. The light transmitted by the image guide is 
parallelized by an objective and it is distributed by beam 
splitters up to three CCD cameras of the AUG pellet 
camera system. This setup allows for the use of different 
filters for each camera. The (spatially integrated) light 
emitted by the pellet cloud is collected by a single light 
fibre, and transmitted to a photodiode, which serves as an 
ablation monitor device. 

 
 

Figure 21. Light fibre and image guide for view port 16Eo for horizontal 

injection 
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Figure 22. Calibration of the 16Eo view (left). View on the divertor tiles 
without pellet injection from 16Eo (right) 

The tilted injection trajectory can be best observed 
by a tangential view. This has been realised using a view 
of the AUG standard video observation system in port 
13Ho. This view port consists of an image guide installed 
inside the vacuum vessel, so this image guide can only be 
accessed through a thin glass window. Therefore the 
image guide transferring the image to the cameras has 
been equipped with an objective with distance rings (to be 
used as a macro objective). A fast framing Phantom 
camera available at AUG has also been used for this view, 
as well as the usual setup of the pellet camera system. 

 
 

Figure 23. View port 13Ho for tilted injection 

 

INVESTIGATION OF PELLET ELM TRIGGERING BY FAST 

VISIBLE IMAGING ON JET 

G. Kocsis, G. Petravich 

MTA KFKI-RMKI 

Collaboration: JET, UKAEA, CIEMAT, IST 

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

In order to study the interaction of cryogenic 
pellets with hot plasma (pellet caused perturbations, ELM 
triggering and pellet cloud dynamics) fast visible imaging 
- using fast framing CMOS camera - was recently 
developed at JET in the frame of an EP2 project 
(CIEMAT, IST, HAS). A Photron APX camera with light 

transferring optics was installed on the 'visible branch' of 
the infrared endoscope. The view involves the full 
poloidal cross section of the vacuum vessel covering a 
toroidal extent of 90 degrees. To have this view with fast 
framing the magnification of the imaging was set (during 
the 2008-2009 campaigns) to use a roughly 300x300 pixel 
region of interest only. The cross section of the pellet 
injection falls into the middle of the view which makes 
this observation competent to investigate pellet ablation 
on the 10µs timescale. This set-up limits the spatial 
resolution (a few cm) but it is well adopted to investigate 
fast transient phenomena like dynamics of filamentary 
structures. One of the key points of fast visible imaging is 
the accurate absolute measurement of the frame times. 
This was also developed in the EP2 project and carefully 
tested by CAMTESTER reaching a good temporal 
resolution.  

Using the fast visible imaging the pellet ablation 
dynamics and its correlation to the ELM onset are 
investigated. Only large pellets (typical dimension 4mm) 
were injected from the magnetic low field side (LFS) into 
JET plasmas because that was the only reasonably 
operational mode of the pellet injection system. 

LFS pellet injection into L-mode plasmas reveals 
radial (to LFS) and/or toroidal cloud drift observable for 
long (10-100µs) time. Short time vertical cloud drift is 
also observed. In H-mode plasmas similar cloud drift can 
be seen but with remarkable less visibility and lifetime 
(similarly as at ASDEX Upgrade), which might be the 
consequence of the faster ionization caused by the higher 
temperature.  

The pellet ELM triggering was investigated by 
comparing the onset of natural and pellet triggered ELMs 
and preliminary analysis shows the following results. 
Pellet injected into type-I ELMy H-mode plasmas triggers 
an ELM shortly after the onset of the ablation. On fast 
framing images, (>50kframe/s) formation of a field line 
elongated filament growing out of the spherical pellet 
cloud can be observed: bright spots on limiter elements 
appear showing the interaction of this filament with 
plasma facing components. The movement of the bright 
spots indicates toroidal/poloidal rotation of the detached 
filament, which is slowed down after about 100 µs. 
During natural type-I ELMs such helical structures can 
also be observed but the onset of this high activity 
plasma-wall interaction does not necessarily coincide 
with the MHD onset of the ELMs but varies between 0 
and 100µs. From these observations it may be concluded 
that for LFS pellet injection the triggered ELM grows 
directly out of the cold, high pressure pellet cloud but 
natural ELMs are born at arbitrary toroidal location and it 
takes some time until the perturbation becomes detectable 
in the observation volume of the visible imaging. To 
confirm this preliminary conclusion further investigations 
are planned in the 2009 campaigns also with HFS pellet 
injection and with smaller pellet size. 
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Figure 24. Computer modelled plasma facing components seen by the 

fast visible camera together with reconstructed magnetic equilibrium 
(EFIT) in the poloidal plane of the pellet injection. The thick solid 

rectangle represents the camera region of interest for 70kframe/s. 

 
 

Figure 25. A fast framing image (70kframe/s) over plotted in the middle 

of a slow framing image showing a helical structure seen as bright spots 
on plasma facing components 

 
 
Figure 26. The same as at Figure 25. but 28µs later showing the 

toroidal/poloidal rotation of the filament 

 

PELLET CODE DEVELOPMENT 

K. Gál 

KFKI-RMKI 

IPP-Garching 

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

Several new ideas were raised to solve the 
question of ELM mitigation in ITER. Optimal ELM 
mitigation would request small and fast pellets. High 
speed should be easier achievable by solid state pellets. 
Another advantage of solid-impurity pellets is their higher 
evaporation energy, thus a much smaller pellet size would 
be sufficient. On the other hand impurity pellets increase 
the effective charge number (Zeff ) of the plasma. To 
propose impurity pellet injection for ELM mitigation 
purposes in ITER pellet ablation studies are necessary, 
therefore the pellet code was adopted to deal with 
Beryllium, the ITER wall material. 

Simulation with a Be pellet indicate, that 1·1019 Be 
(a Ø 500 µm sphere) would be sufficient to reach the 
ITER pedastal top and assumed to trigger an ELM. Such a 
simulation is shown on Figure 27. Assuming an ELM 
frequency of 40Hz, 1s confinement time and a plasma 
particle content of 1023, the plasma Zeff increase can be 
calculated. As the Zeff increase is only of 0.01, the 
possibility of ELM trigger by impurity pellets would be 
worse to be checked experimentally. 

 
Figure 27. A simulation of a Beryllium reaching the ITER pedestal top 
injected from the low field side. The ablation rate and the temperature 

profiles are shown. The ITER separatrix and pedestal top are indicated 

by dashed lines. 

 

INSTABILITY ANALYSIS OF ROTATING DEUTERIUM 

PLASMA CLOUD 

G. Molnár, K. Gál 

KFKI-RMKI 

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

The results of pellet-plasma interactions are 
several cigar shaped cold and dense plasma blobs forming 
and expanding according to the laws of Hydrodynamics. 
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During blob expansion, the rising polarization current 
spins up the cloud. In the rotating cloud a Rayleigh-
Taylor like Kruskal-Schwarzschild instability arises 
removing the charged cloud part from the pellet 
periodically, thereby influencing the material deposition 
of the pellet. 

The drop off frequency of such a cloud can be 
calculated in a perturbative way. The cloud becomes 
unstable at a critical rotational frequency, cloud length 
and temperature. The instability threshold depends also 
on the electrostatic potential drop at the cloud periphery. 
Double shielding character of the pellet cloud is taken 
into account instead of single character approach.  

The stability of the cloud in temperature and 
length parameter space had been analyzed during the 
spin-up phase (Figure 28.). At first the cloud is stable in a 
large parameter-region and it moves together with the 
pellet (lines staying above the ωi =0 axe, left from the red 
line in the picture). In case of fast pellet injection, as the 
cloud length decreases with the pellet velocity, the 
hydrodynamically stable cloud becomes rapidly unstable. 
In this case the inner cloud line-tying effect cannot hold 
together the cloud and so called striations evolve. Further 
analysis will be performed taking into account dissipative 
terms as well. 

 
Figure 28. The stability of the rotating cloud v. its inner temperature 

and length at a given rotation frequency ω0. (The inner region of the red 
line is the unstable phase.) 

 

SIZE DEPENDENCE OF DOPED DEUTERIUM PELLET 

CLOUD ON THE CARBON CONTENT 

G. Molnár, E. Belonohy, K. Gál 

KFKI-RMKI 

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

Carbon doped deuterium pellets are proposed as a 
good candidate for efficient disruption mitigation. As 
strong connection between the cooling effect of the pellet 
and the pellet cloud size is assumed, the dependence of 

the cloud size on the amount of doping can play a critical 
role. By using the fast exposure pictures from carbon 
doped deuterium pellet experiments at ASDEX Upgrade, 
we determined the pellet cloud size as a function of the 
carbon concentration in the pellet. 

A numerical tool has been created which 
determines the cloud parameters such as length and width 
assuming elliptical cloud shape. The maximum of field 
elongated length of the cloud for each pellet event was 
plotted as a function of the doping amount in  

Figure 29. For small carbon concentrations the 
cloud size is relatively unchanged, whereas in case of 
stronger doping (1% carbon), a significant increase in the 
cloud length can be observed.  

 
 
Figure 29. The cloud size dependence on the doping rate (The first three 

largest clouds are included in the analysis.) 

 

RUNAWAY ELECTRON GENERATION IN CONNECTION TO 

CARBON DOPED DEUTERIUM PELLET INJECTION 

T. Fehér, K. Gál 

KFKI-RMKI 

Collaboration: Chalmers University Sweden,  

University of Warwick, Coventry, UK, 

IPP-Greifswald,  
Contact E-mail:gal@rmki.kfki.hu 

Disruption induced heat loads can be diminished 
by so called “killer” pellet injection by increasing the 
radiative energy losses to cool down the plasma and shut 
down the discharge. High Z killer pellets can cool the 
plasma effectively, but may lead to runaway generation. 
Runaway generation can be suppressed by massive 
deuterium pellet injection but in this case the plasma 
cooling is not enough to safely terminate the discharge. 
Impurity-doped deuterium pellets can combine the 
advantages of the two methods.  

The runaway dynamics in connection with carbon 
doped deuterium pellet-induced fast plasma shutdown 
was studied by a numerical tool consisting of a pellet 
code and a runaway code taking into account the post 
pellet heat transport effects too. This is an extension of 
our earlier studies where we calculated the number of 
runaways generated by Dreicer and avalanche mechanism 
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by single compound pellet injection. The present study 
includes the hot tail runaway generation as well and it 
focuses on carbon doped deuterium pellets. 

A scenario is shown here where the carbon doped 
pellet penetrates close to the plasma centre, cooling it 
down considerably. The current quench time is still too 
long, because the plasma is reheated by Ohmic heating. 
To mitigate disruptions by doped pellets the current 
quench should be fast, therefore deuterium pellets needs 
to be doped by higher Z materials such as Neon or Argon, 
which is the subject of our ongoing studies. 

 
Figure 30. A simulation of a carbon doped deuterium pellet with rp = 

2.3 mm and vp = 1000 m/s and 1% carbon. The evolution of the 

temperature (left), the electric field (normalized to the initial critical 
field) on a short time scale (middle) and the resulting current quench 

(right) 

 

PELLET PENETRATION DEPTH SCALING STUDIES 

V. Csajbók, É. Belonohy, K. Gál 

KFKI-RMKI 

Collaboration:  

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

Deep penetration of hydrogen isotope pellets is 
necessary for proper fuelling of ITER to compensate for 
particles losses. The key parameter determining the pellet 
ablation thus the penetration is the electron temperature. 
Present experimental and derived theoretical penetration 
depth scalings however only include the average or 
central electron temperature, while the temperature profile 
shape, and most importantly the pedestal area is 
neglected.  

In order to improve the temperature profile 
description in penetration depth (λ) scalings, the effect of 
parameters such as pedestal (Tped) and central electron 
temperature (T0) and pedestal width (wped) on the 
penetration depth has been investigated. A homogenous 
parameter scan have been applied to the three profile 
parameters for the ASDEX Upgrade (AUG) parameter 
regime. The penetration depth has been calculated from 
the Neutral Gas Shielding (NGS) and the Hybrid 
theoretical models. As the pellet velocity (vp) has a 
significant effect on the penetration depth dependence of 
these parameters, it has been also included in the study 
using the three available AUG pellet velocities. On the 
obtained dataset, multi-linear regression provided the 
following two scalings: 

vmi

p

vmi

ped

vmivmi

pedNGS vwTT ⋅⋅⋅ 0~λ  
vmi

p

vmi

ped

vmivmi

pedHybrid vwTT ⋅⋅⋅ 0~λ  

The results indicated that the pedestal electron 
temperature has far the most influence on the penetration 
depth even in case of deep penetrations, thus the inclusion 
of this parameter describing the electron temperature 
profile is sufficient and would highly improve present 
scalings. 

In case of multi-machine scalings the problems lie 
in the different experimental setups. The different 
injections angles impact different drift behaviour of the 
ablatant material thus different cooling of the background 
plasma. In the first step the profile effect of the injection 
angles has been investigating assuming the electron 
temperature profile is only described by a single 
parameter in the scaling. Figure 31. shows the AUG 
cross-section of #20043 with dashed lines indicating the 
flux-surfaces, blue the separatrix. Straight injection from 
the separatrix to the plasma centre has been calculated in 
5-degree intervals by the Hybrid code. The crosses 
indicate the end of the pellet ablation, thus the penetration 
depth for 240 (blue), 600 (red) and 1000 (green) m/s 
pellets. The results will be used for multi-machine HFS 
pellet penetration depth scaling. 

 

 
 

Figure 31. The simulation of the pellet penetration depth on a typical 

AUG discharge for pellets entering the plasma from different locations 
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DEVELOPMENT OF PLASMA AUXILIARY 

SYSTEMS 

 
DEVELOPMENTS OF NEW ION SOURCES FOR TEXTOR, 

JET, ASDEX UPGRADE 

S. Zoletnik, S. Bató, G. Anda 

KFKI-RMKI 

Collaborations: J. Schweinzer, IPP-Garching 
Contact E-mail: zoletnik@rmki.kfki.hu 

The heated ceramics Lithium ion source 
development continued in 2008. In 2007, it became clear 
that the heater based on Tungsten or Molybdenum 
filaments cannot reach the required 1380 ◦C temperature 
reliably. A new development started at the beginning of 
2008 to replace the filament heater with a Carbon or 
doped SiC volume heater. Several versions have been 
manufactured but two problems were identified. One is 
the necessary high heating current, typically in the 80-
120 A range, which could be overcome by appropriate 
current feedthroughs. The other problem, to provide a 
reliable current contact to the heater material, proved to 
be more difficult to solve. The necessary temperature 
could be reached but the different heat expansion of 
different materials made the contact sensitive to thermal 
cycling of the emitter. Optimization of the construction is 
still underway as the manufacturing and testing cycle of a 
single test emitter takes months. 

Parallel to the heater development the 
manufacturing technique for the porous Molybdenum 
front surface of the emitter and the emission material was 
also done. Both have been finished successfully but 
problems with the heated did not allow a thorough testing 
of the emission material. Due to this problem the high 
current ion beam development could not conclude. This 
technology development has been going on for several 
years and the problem proved to be much more complex 
than foreseen. Some partial results have been reached and 
we are gradually approaching the aim. 

 

EXTENSION OF THE RENATE SIMULATION CODE FOR 

NA BEAMS  

G. Pokol, I. Pusztai 

BME-NTI 

Collaboration: IPP-Garching, Chalmers 

Contact E-mail: pokol@reak.bme.hu 

Experiments at the ASDEX-U tokamak and their 
preliminary analysis showed that sodium beams might be 
even better suited for diagnostic beam purposes than 
lithium. When the necessary cross section tables became 

available we implemented the Na module into the atomic 
physics kernel of the RENATE simulation. The work has 
been done in close collaboration with the developers of 
the Simula code, J. Schweinzer and J. Kamleitner.  

The cross section data were obtained from the pre-
print of Igenbergs et al., Atomic Data and Nuclear Data 
Tables, Vol. 94, 981-1014 (2008), while the used 
spontaneous transition probabilities are identical to the 
ones in the Simula source code. Similarly to the Li, in the 
RENATE code, we consider the proton impact target 
electron loss processes instead of treating the ionization 
and charge exchange channels separately.  

Both the rate coefficients and calculated light profiles 
were benchmarked to the Simula code with excellent 
agreement (e.g. the relative difference between the 
corresponding rate coefficients is ~10-4, the order of the 
numerical integration error, as on Figure 32. Left). The 
Simula code, in turn, had been critically tested to Na 
measurements as reported in E. Wolfrum et al., J. Nucl. 
Mat., in press (2009). 

Since the binding energy of Na valence electron is 
lower than that of Li, the Na beam is expected to attenuate 
somewhat more rapidly than a Li beam. Because of the 
same reason, the maximal occupation of the initial level 
of the observed transition is lower for Na, but due to the 
higher spontaneous de-excitation probability, the photon 
yield of a Na and a Li measurement is similar. The latter 
feature gives the main advantage of Na, namely that the 
spatial resolution of a Na fluctuation measurement is 
much better. This difference between the beam materials 
is illustrated on Figure 33. 

 
 
Figure 32. Left: Comparison of the temperature dependence of Na rate 

coefficients calculated by the Simula and RENATE codes. Right: 

Emission density distribution of a simulated 40 keV on the COMPASS 
tokamak using plasma parameter profiles of the #30866 discharge 
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Figure 33. Fluctuation response functions for the same plasma 
parameters and beam energy; Li (left) and Na (right) beam materials. 

The maximum of the light profiles are at 8 cm and 6.25cm respectively. 

Note that the characteristic length corresponding to the Na 3p-3s 
spontaneous transition is 3 times lower than the Li 2p-2s. 

 

BEAM EMISSION SPECTROSCOPY 
AND ATOMIC BEAM PROBE 

FOR REINSTALLED 
COMPASS – D TOKAMAK IN PRAGUE 

G. Anda, A. Bencze, E. Dunai, G. Veres, 
S. Zoletnik, D. Nagy 

KFKI – RMKI, Budapest 

Berta Miklós 

Széchenyi István University, Gyır 

Beam emission spectroscopy – BES – using 
accelerated neutral particle beams became a routine 
technique for the determination of electron density 
profiles in fusion plasmas. The method is based on the 
fact that light emission from the neutral beam penetrating 
the plasma depends on the plasma parameters. In the case 
of certain beam species – e.g., Li, Na – the sensitivity on 
the electron temperature is small, thus the electron density 
profile primarily determines the beam light emission. 

 
 

Figure 34. 2-D BES diagnostic tool 

BES techniques could be also used for the 
measurement of electron density fluctuations, which are 
connected to anomalous plasma transport. As 
investigations in the scrape-off layer –SOL– and edge 
plasma indicated strong radially dependent poloidal 
flows, some of the BES fluctuation measurements aimed 
at achieving a two-dimensional – 2D – radial-poloidal 
resolution by utilizing an extended beam or multiple 
beams and tangential observation. 

Aims of the COMPASS BES diagnostic 

A considerable amount of evidence has been 
collected over the past decade, which supports the 
consideration that heat and particle transport across the 
magnetic field in magnetic confinement fusion devices is 
caused by microturbulence of the plasma. Theoretical 

models have identified several versions of drift waves, 
which can be driven linearly unstable by gradients in the 
plasma: ITG waves on the ion Larmor radius scale, ETG 
on the electron Larmor radius scale and TEM in-between 
them. According to nonlinear simulations these waves can 
build different mesoscale flow structures: poloidally 
directed zonal flows and radially acting streamers. 
Primary unstable drift waves and the mesoscale structures 
form a self-regulating system, which govern the observed 
effective transport across the field lines. In recent years 
plasma turbulence measurements provided evidence or at 
least hints of the existence of the zonal flow components 
of the above system: the GAM branch of zonal flows 
have been found in many tokamaks, while indications for 
random zonal flows were reported from various toroidal 
devices. This self-regulating system of drift – waves and 
mesoscale structures could be also studied by BES 
diagnostic tool. 

BES allows us: 

1. Measurement of radial profile of plasma 
density with ~cm spatial and ~10 
microsecond temporal resolution 
(standard density diagnostic tool). 

2. Characterization of density fluctuations 
in radial – poloidal plane on time scale 
characteristic for plasma turbulence 
(advanced BES diagnostic tool) 

3. Measuring poloidal flow velocities in the 
plasma. 

4. Studying the interaction between the 
complex system of turbulence, flows, 
mesostructures and plasma profiles. 

BES system for COMPASS-D 

The BES system proposed for COMPASS-D 
would utilize all the available options developed during 
the past 10 years: 

1. Li or Na beam injection, BES 
observation for profile measurement 
with ~10 microsecond time resolution. 

2. 2D density fluctuation measurement with 
fast poloidally scanning beam. 

3. COMPASS high energy gun parameters:  
4. Up to 120 keV beam energy, Li (Na, K)  
5. ~ 5-10 mA beam current 
6. 1.5-2.0 cm beam diameter 
7. Electrostatic beam chopping up to ~ 200 

kHz (for background measurements) 
8. Electrostatic poloidal beam deflection 

(<5 cm) up to ~ 400 kHz  
 

 
 
Figure 35. Concept of BES Li gun 
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Additionally to these known techniques a concept 
of an additional possibility is being studied. With a 
somewhat higher atomic number beam species the ions 
from the beam could be detected and additional 
information could be collected. This technique we call 
Atomic Beam Probe. 

 

ADAPT AND OPTIMIZE BOLOMETER LOS 

ARRANGEMENT TO CHANGES OF ITER DESIGN 

S. Kálvin 

KFKI-RMKI 

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

The bolometer system is an indispensable 
diagnostic for ITER. The bolometer system will be used 
for machine protection and discharge control. For these 
purposes the amount and the distribution of the radiation 
power has to be measured with good accuracy. The 
measurement of the radiation distribution is also 
important for validation of the numerical modelling of the 
plasma. The determination of the radiation profile 
requires tomographic reconstruction, therefore the 
guideline of the work in this report is to optimize of the 
bolometer system for tomographic reconstruction. The 
line-of-sight and camera distribution have been 
redistributed taking into account the recent conceptual 
bolometer camera design. Furthermore, the toroidal 
distribution of the bolometer cameras has also been 
rationalized. The exact geometry of VV, divertor cassettes 
and port plugs are not yet fixed. Therefore, the exact 
location of the mini-cameras could not be fixed either. 
However, care was taken to give good coverage in the 
important regions of the plasma. Thus, for the next 
iteration of the LOS optimization process, it is not 
expected that the position, orientation and number of the 
cameras has to be modified significantly. 

The arrangement of the bolometer cameras on the 
VV and in the port plugs can be seen in Figure 36. The 
LOS arrangement in different divertor cassette can be 
seen in Figure 37. For the optimization of the LOS 
distribution it is useful to consider the LOS distribution in 
the projection space. The appropriateness of the LOS 
arrangement for tomographic purposes can be described 
by the coverage of the projection space. The LOS 
arrangement in the projection space can be seen in Figure 

38. and Figure 39. 

 

 
 

Figure 36. The LOS of the cameras arranged in the  

port plugs and behind the blanket modules 
 

 

 
 
Figure 37. The LOS of the cameras arranged in the  

divertor cassettes 
 

 
 

Figure 38. LOS arrangement in the projection spac.. Cameras for bulk 

plasma diagnostic. 
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Figure 39. LOS arrangement in the projection space. Cameras for 
divertor plasma diagnostic. 

The detailed analysis and optimization of the 
collimator design was done to maximize the light yield, 
i.e. that is the signal-to-noise ratio of the measurement, 
and to avoid the viewing limitation due to the 
construction elements which would increase the error of 
the measurement to an unacceptable level. It was found 
that the collimator camera design with multiple toroidal 
sub-collimators is the most preferable and technically 
feasible design. Schema of the proposed camera design 
can be seen in Figure 40. 

 

 
 

Figure 40. Schema of the proposed camera design 

 

 

PRELIMINARY PERFORMANCE ASSESSMENT OF THE 

ITER BOLOMETER SYSTEM 

S. Kálvin 
 

KFKI-RMKI 

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

The bolometer system is an indispensable 
diagnostic for ITER. The bolometer system will be used 
for machine protection and discharge control. For these 
purposes the amount and the distribution of the radiation 
power has to be measured with good accuracy. The 
measurement of the radiation distribution is also 
important for validation of the numerical modelling of the 
plasma. The determination of the radiation profile 

requires tomographic reconstruction, therefore the 
guideline of the work in this report is to optimize of the 
bolometer system for tomographic reconstruction.  

In order to get objective and quantitative 
information on the performance of the ITER bolometer 
tomographic system statistical analysis based on the 
Bayesian Probability Theory was applied. For the 
quantification of the utility of a measurement, the 
Kullback-Leiber distance (UKL) measures the information 
gain from the ignorance of a quantity (φ) before a 
measurement to the knowledge after data (D) are taken 
into account: 

 

where P(φ|D,I) is the posterior probability function and 
P(φ|I) is the prior. An integration (averaging) over the 
range of expected data (because the data range is related 
to the expected range of the parameter, the averaging 
takes into account the range of the measured parameter.), 
where the evidence of the data is represented by the 
probability density function P(D), yields the expected 
utility function EU, 

 

As an example the performance of the 
reconstruction of the position of a radiating ring inside the 
core plasma is presented. The averaged error of the 
determination of the position and the Expected Utility are 
presented in Table 1. 

The detailed plots of the performance assessment 
can be seen in Figure 41., while Figure 42. shows the 
results of a particular reconstruction.  

 

 
 
Table 1. The averaged error of the determination of the position and the 

Expected Utility 

 

 
 

Figure 41. Detailed plots of the performance assessment 
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Figure 42. An example of the tomographic reconstruction 

The performance assessment of the bolometer 
system was done for ITER scenario 2. It can be concluded 
that the performance of the system is good in the case of 
high quality measurements with an accuracy of below 1-
2%. There is a problem to resolved fine structures at the 
plasma edge, because it is impossible to create sufficient 
LOS coverage at the edge and the low signal levels of the 
edge detectors. It is also problematic to resolve structures 
below a few cm in the divertor chamber especially 
combined with high (5 %) measurement errors. 

 

THERMAL ANALYSIS OF ITER BOLOMETER CAMERAS 

G. Grunda 

KFKI-RMKI 

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

Thermal analysis of ITER bolometer camera 

The aim of this task was to perform the thermal 
analysis on a generic design bolometer camera. The study 
included numerical calculations to simulate the thermal 
responses of bolometer cameras. The thermal analysis 
was performed on the basis of the results of nuclear heat 
deposition calculations done by FZK. 

The bolometer cameras have to tolerate the 
neutron and plasma radiation generated high 
temperatures. The investigations dealt in detail with the 
different usage of materials (stainless steel, copper, TZM) 
for collimators. The calculations took into account the 
effects of active and passive cooling of the mini-cameras. 

The conclusions of the thermal analysis are that 
the evolved temperature distribution in the camera 
produces deformations of all of its parts. The thermal 
distortion modifies the size of the viewing section (gap) 
of the channels’ line of sights (LOS). Changing the gap 
size has an effect on the measurement of the plasma 
radiation hence the maximum extent of the deformation 
has to be defined. The distortion value of the gap size 
could be optimized by applying high thermal conductance 
and low thermal expansion materials and a suitable 
geometrical design. 

Thermal analysis of bolometer camera detector 

A bolometer heating test was performed in autumn 
2008 to investigate the thermo-electric behaviour of the 
detector. During the test the detector chip had broken. The 
hypothesis was that the detector foil disintegration arose 
from the stresses produced by the different thermal 
coefficients of front and back plate and silicon wafer.  

Finite Element Analysis (FEA) calculations were 
prepared to find answers to the causes of the detector chip 
breaking. Thermal and structural boundary conditions 
defined by the heating test were applied in the finite 
element simulation. 

According to the expectations, the numerical 
calculations show differently evolved stresses in the test 
assembly parts. There is an order of magnitude difference 
in the thermal expansion values of the materials between 
front and back plate. Differential thermal expansion 
between the parts and the bolted joints produce higher 
stresses than the material of the detector can take. 

 

ITER CORE LIDAR THOMSON SCATTERING 

DIAGNOSTICS 

B. Mészáros, G. Porempovics 

KFKI-RMKI 

Collaboration: UKAEA, UK 
Contact E-mail:botond.meszaros@rmki.kfki.hu 

Mechanical design of the first optical components  

At the beginning of 2008, the following tasks 
progressed further, were finalized and reported 
(TSCL_PM_1420_R017 i.1 D.a HAS Final Report_V1):  

1. Conceptual design of the first and second 
mirror mounting and their extension 
tube, 

2.  Conceptual design of the optical 
labyrinth in the port plug, 

3. Conceptual design of the BSM 
penetration. 

The majority of the 2008 development was done on the 
thermal analysis of the first and second mirror extension 
tubes. Being an early stage calculation, there were some 
simplifications applied when creating the model, such as 
the following: 

• the labyrinth is completely excluded from the 
calculation, 

• the back plate of the port plug (LIDAR half) 
and the two mirror extension tubes are only 
considered, 

• the extension tubes are hollow, 
• the mirrors are connected to the extension 

tubes through a narrow ring, 
• the port plug temperature is set to be constant 

100˚C as a target operating temperature 
(edges around the back plate). 
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Furthermore an operating time of 3000 s has been 
a common input for all calculations. The analysis 
considered three different cases viewed in the following 
figures: 

• No conditioning of the temperature of the 
mirrors 

• Mirror temperature conditioned to 100 ˚C 
• Mirror temperature conditioned to 350 ˚C 

Analysing the results, they clearly show that there 
are big temperature differences, hence stresses are 
expected between the front and the back of the extension 
tubes without heating them. It could also be stated as a 
result that mirrors conditioned to 100 ˚C would easily 
allow reaching a homogenous temperature through the 
extension tubes to reduce stresses. In case of the preferred 
350 ˚C mirror temperature (less deposition) one option is 
when the whole tube is baked to similar temperature, 
which case considers a high temperature level that is 
impossible to be connected to the ITER blanket cooling/ 
baking system and therefore requires to add a huge 
auxiliary system. And evidently it also must be isolated 
from the port plug back plate. The other option is to 
isolate the mirror from the extension tube directly, which 
seems to be more reasonable. In case of an efficient 
isolation the cooling/baking of the extension tube would 
only serve the purpose of temperature homogeneity in the 
middle of the port plug. 

 

 
Figure 43. Temperature plot with no mirror conditioning 

 

 
Figure 44. Temperature plot with mirror conditioned to 100 ˚C 

 

 
Figure 45. Temperature plot with mirror conditioned to 350˚C 

 

RETRACTABLE TUBE FOR ITER CORE CXRS 

T. Baross, V. Szabó, P. P. Polyvás 

MTA KFKI-RMKI 

Collaboration: FZJ 

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

Background 

The background is the collaborative project on 
ITER core CXRS (coordinated by EFDA) under the 
direction of FZJ. Additional main contributors were the 
ITER-NL and UKAEA. It was started on 01.01.2007 and 
ended in the first half of 2008 by preparing a Final 
Report.  

About Retractable tube 

Among the ITER diagnostics the CXRS is viewing 
the Diagnostic Neutral Beam from the Upper Port 3. 
Using this diagnostic the EM radiation in the visible range 
can be observed. CXRS contains an optical labyrinth with 
direct line of sight from plasma. Because of this the First 
Mirror needs to be replaced several times during the ITER 
lifetime. To avoid the replacement of the Port Plug a 
removable Central tube shall hold this First mirror and 
Shutter with its actuator. 

Tube geometry 

The evolution of the Retractable tube design is 
introduced in the followings: 

The tube design was shown in the Final Report can 
be seen on Figure 46. and Figure 47. 

 
Figure 46. Tube dimensions and cross-sectional view 
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Figure 47. A section view for the head part with gun-drilled channels 

This design was changed with a more robust tube 
head section. It keeps safe the First Mirror and Shutter 
against clashes and contamination as well. Furthermore 
two technological hatches are needed to achieve the 
replacement of Mirror mount, Shutter and its accessories. 
See Figure 48. 

 

 
Figure 48. The head part of the tube 

 

A simplified model can be seen without the bottom 
technological hatch on Figure 49. 

 
Figure 49. The simplified head part of the tube 

Thermal Analysis 

A Thermal Analysis was carried out on the earlier 
model (Figure 50. and Figure 51.). The simulation has 
covered just the thermal distribution of the more critical 
head part, which is a 2.2 m tube section starting from the 
front end.  

Inside the tube a pipe supplies the water to the 
front end, and the water returns back filling parallel 
channels (in red) in the head section (Figure 47.). 

Simulation characteristics: 

• The temperature of cooling water rises along 
the tube shaft. 

• The heat generation function decreases along 
the tube. 

• Inlet water properties: 150 [°C], 40 [bar], 5 
[m/s] 

 

 
 
Figure 50. Temperature distribution [°C] 

According to the simulation the structure is 
showing acceptable temperature distributions without 
significant temperature gradients inside the body in the 
given boundary conditions. 

Deflection of the Retractable tube 

The tube has to hold the First Mirror in the right 
position at normal operation to achieve the optical quality. 
In this way the deflection of the tube was calculated. 

The optical tolerances of First Mirror were 
determined as: 

• Maximum angular tolerance: 0.15°, 
• Parallel displacement: app. 20 mm. 

The permanent loads on the tube: 

• Self weight of the tube base structure, 
• The inside volume: 50-50% water/steel ratio 
• Shutter mass 

The geometry is substituted by beam elements. See 
Figure 51. 

 
 
Figure 51. Rotation of the tube (Z axis) [rad] 

The results of the calculations at M1 were 0.0002 
rad rotation, and 0.2 mm displacement perpendicular to 
the tube axis. Hereby both results of the deflection are 
inside the M1 optical tolerances. 

Technological hatch 
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Missed and future engineering tasks 

The investigation of the remote handling 
attachments was not carried out. The present baseline is to 
find common ITER standard components. 

The most critical points have to be verified in 
detailed calculations. The present design has the 
following main challenges: 

• Stress calculation originated from the peak 
EM load is necessary. 

• Investigation of the Remote Handling 
attachments for the tube with standard 
attachments is necessary. 

• Development of the floating flange of the tube 
end is another further task. 

 

ITER VISIR MECHANICAL DESIGN 

Sz. Tulipán, S. Récsei, D. Nagy  

KFKI-RMKI 

Collaboration: CEA Cadarache 
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The Visible/Infrared Wide - Angle Viewing 
Diagnostics System (VisIR) is located in four equatorial 
ports and monitors the internal components of the 
Vacuum Vessel (VV) in three directions. 

RMKI participated in the VisIR development with 
mechanical design and thermomechanical calculations of 
the front mirror holders. The development was done in 
the framework of an EFDA task and we cooperated 
mainly with CEA Cadarache. No major design work was 
carried out in 2008. The final report to EFDA was 
submitted and accepted in the first half of 2008.  

RMKI`s involvement with the VisIR project in 
2008 focused on the preparation of a consortium 
agreement with four other institutes in anticipation of an 
F4E grant. The grant is not expected earlier than 2010. 

 

MECHANICAL DEVELOPMENT OF THE VIDEO 

DIAGNOSTICS FOR W7-X 

G. Kocsis, A. Szappanos, V. Szabó, Sz. Tulipán 

KFKI-RMKI 

Collaboration: IPP-Greifswald 

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

The mechanical structure of the video diagnostic 
system for the Wendelstein 7-X stellarator is being 
developed in KFKI-RMKI. The objects of the mechanical 
parts are to fix the EDICAM in the front of the 2m long 
AEQ port.  

The camera takes place in a capsule that can be 
docked behind a window, near to the vacuum vessel. To 
insert the capsule into the port tube, a long flex hose is 

used. This part also helps to collect the cables of the 
camera (optical wire, power supply and cooling tubes). 
The AEQ port and the diagnostic system can be seen in 
Figure 52. 

 
 

Figure 52. 

Using a dummy model of the port, the docking/re-
docking procedure and heating tests were done in our 
laboratory.  

The heating/cooling tests are closed with success 
without a camera. The next step is to test the optical and 
camera system in heated environment. After obtaining the 
results of this last test, the manufacturing process of the 
10 diagnostic pieces can be started. 

The 3d model and the reality can be seen in Figure 

53. 

 
 

Figure 53. 3d model and the reality of video diagnostic system for the 

Wendelstein 7-X stellarator 
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DEVELOPMENT OF AN INTELLIGENT CMOS CAMERA 

FOR W7-X 

G. Kocsis, A. Szappanos, S.Zoletnik 

KFKI-RMKI 

Collaboration: IPP-Greifswald 

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

EDICAM provides 12 bit sampled raw data with 
1.3 Megapixel resolution. 12 bit times 1024 rows times 
1280 columns equals 15 Mbit information through 465 
fps. This speed requires 6.8 Gigabit/sec transmission. 
With some additional information transmitted and stored 
with every frame as a header, the required speed is around 
8 Gigabit/sec. 

 

  
 

Figure 54. Left panel: fiber link data receiver, right panel: sensor 
module with fiber link 

 

The complexity and the dataflow in EDICAM 
requires appropriate fast link. To be flexible and provide a 
standard solution fiber optics is used to connect the sensor 
module. The new sensor module with the 10 Gigabit/sec, 
fast optical link has been designed and is under 
fabrication (see Figure 54.). An appropriate link protocol 
has been defined for serving the data transmission and 
control tasks of EDICAM. 10 Gigabit/sec technology 
applications are not typical in the camera industry so the 
link had to be tested by its own. The transceiver chips and 
the appropriate components have been tested and 
validated. 

 

 
 
Figure 55. The new control, monitoring and sequence viewer software 

interface 

The previous prototype of the EDICAM sensor 
module (10Gbit without fiber link) has been installed and 
tested in the Compass tokamak - IPP Prague. For this new 
video diagnostic control software and new hardware 
trigger possibility have been implemented (See Figure 
55.). 

 

EMERGING TECHNOLOGIES 

 
TBM MAINTENANCE AND DIAGNOSTIC CONCEPT 

DEVELOPMENT 

O. Bede  
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Impact of TBM maintenance process on Hot Cell 
Building layout 

The ITER Hot Cell (HC) building design was 
finalised at the beginning of March. There was no 
document which described all the TBM related activities. 
A task was implemented in order to summarize all the 
space requirements, and all the maintenance procedures 
which have impact on the HC Building layout to support 
ITER Organization (IO) in the finalisation process of the 
building design. As the integration and space 
requirements in HC can not be given without assumptions 
about the whole arrangement in a TBM Port, the present 
document is based on the assumption that two EU TBMs 
share the same port in vertical arrangement. A rough 
estimation of the hot cell space allocation for the 
Ancillary Equipment Unit (AEU) of test blanket system 
was made and is described in Figure 56. and Figure 57.  

 
 
Figure 56. European AEU hot cell space allocation in perspective view 
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Figure 57. European AEU hot cell space allocation in top view 

Dimensions of the space envelope are 9 m height, 
20 m long and 9.5 m width. The estimated footprint of the 
European AEU refurbishment area: ~ 190 m2. 

Assessment of a new interface used for EU TBMs 
integration 

Based on the proposal of US TBM group an 
additional interface for system separation was considered. 
It has significant impact on the dimension and 
maintenance requirements of AEU. A study started with a 
new concept (CONCEPT B, Figure 59.) which contains 
the US proposal and compares it with the original EU 
concept (CONCEPT A, Figure 58.). The primary 
difference between CONCEPT A and CONCEPT B is the 
number of interfaces between AEU and Port Plug. All the 
other differences arise from this prime one. The Interface 
2 (IF 2) was defined already in 2004. It is located between 
AEU and Port Plug (PP). 

 

 
 

 

Figure 58. CONCEPT A the original EU concept, one removable unit in 

port cell 

An additional interface is presented in CONCEPT 
B. IF 2 is divided into two interfaces: IF 2a and IF 2b. 
Hence a new component appears in the TBM system. It 
contains the removable bioshield segment and the “pipe 
forest”, which is the flexible part of the supply pipe 
system. 

 
 
 

Figure 59. CONCEPT B contains two removable units in port cell 

Out-of-AEU Port Cell Component will be 
necessary only in the case of CONCEPT A. Otherwise the 
AEU will be big enough to include every component 
inside it and the additional modules will be the Bioshield 
and the Pipe Forest. In the AEU maintenance study the 
storage place requirement of Out-of-AEU Port Cell 
Components are taken into account. 

 

HELIUM COOLING SIMULATION AND VALIDATION 

EXPERIMENTS 

B. Kiss, A. Aszódi 
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Collaboration: FZK-Karlsruhe 
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The first wall (FW) is the most heat loaded 
component of the TBM, since its front side is exposed to 
the plasma. The nominal heat flux is 270 kW/m2 on the 
plasma facing surface during the operation. The FW is 
cooled with helium of inlet temperature, pressure and 
mass flow of 300 oC, 80 bar and 0.1 kg/s per channel. Due 
to the asymmetrical heating and the week cooling steep 
temperature gradients are expected in the FW steel 
structure, which cause strong thermal stresses. For 
evaluation these stresses, accurate determination of the 
FW steel structure’s temperature distribution and the heat 
transfer itself are needed. 

Based on the results of preliminary CFD 
calculations, the HETRA experiment facility is designed 
to investigate the temperature distribution in a U-sweep of 
a FW cooling channel and to validate the earlier CFD 
results (Figure 60.). 

 
 

Figure 60. HETRA test facility 

The main components of the HETRA facility have 
been manufactured during 2008. 

The test section will be heated by a set of 8 
ceramic heaters on the plasma facing side. Some pre-test 
were made to investigate the temperature distribution on 
the elements (Figure 61.). The results show that the 
thermocouple holes do not have effect to the temperature 
distribution (Figure 62.). 
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Figure 61. Assembly for testing of heaters and the effect of the holes for 
thermocouples to the temperature distribution 

 

 
 
Figure 62. Temperature distribution on the surface of the heater 

The parts of the cooling channel and the flanges 
will be welded together by electron beam welding. The 
pre-test shows that the welding seems well controlled by 
this kind of welding (Figure 63.). 

 

 

 
 

Figure 63. Result of electron beam welding pre-test 

The surface of the channel is rough to ensure 
higher heat transfer between the helium and the steel. The 
roughness was fabricated by send jet (Figure 64.). 

 

 
 

Figure 64. Rough surface of the cooling channel 

The manufacturing of the channel has been 
finished and the assembling is going on (Figure 65.). The 
measurements will be started in the summer of 2009. 

 

 
 

Figure 65. The complete cooling channel with flanges 

 

MECHANICAL PROPERTIES OF NEUTRON IRRADIATED 

CARBON NANOTUBE REINFORCED CERAMICS 
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Weber2 
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Institute, Hungarian Academy of Sciences 

1
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Several ceramic materials will be applied in fusion 
reactors as functional components to sustain fusion 
plasma under the very severe environment such as intense 
radiation or high temperature [1, 2]. On the other hand, 
ceramics are expected to be used as blanket materials for 
reactors where they would be exposed to a high fluence of 
14 MeV neutrons at temperatures up to 1300 K [3, 4]. 
These materials have many different crystallographic 
structures, bonding type, bonding energy, elements and 
sintering additives with each material, and that causes 
different behaviours under neutron-irradiation 
environments. Many structure materials, e.g. ceramics 
suffer neutron-induced damage and show some property 
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changes such as swelling, degradation of thermal 
diffusivity and change of mechanical strength [5]. The 
development of fusion energy is quickly approaching a 
stage where the capabilities of materials will dictate the 
further progress and the time scale for the attainment of 
fusion power. 

New methods have been developed to prepare 
silicon nitride ceramic matrix nanocomposites with better 
mechanical and electrical properties. Carbon nanotubes, 
graphene or carbon black were the most widely used 
reinforcing materials. The nanocomposites were prepared 
from the starting powder mixtures consisted of 90 wt% α-
Si3N4 (Ube, SN-ESP), 4 wt% Al2O3 (Alcoa, A16) and 6 
wt% Y2O3 (H. C. Starck, grade C) mixing ratios. 
Different addition of CNTs (multiwall carbon nanotubes 
MWCNTs, produced as described elsewhere [6], single 
wall carbon nanotubes – SWCNTs, graphene and carbon 
black) were added to batches (1, 2 and 3 wt%). Ball and 
attritor milling and ultrasonic agitation of powder 
mixtures assured a decent homogeneity [7]. 

 
Figure 66. Si3N4 based ceramic bar is broken in a 4- point bending test 
after irradiation. The broken surface was recorded and stored for 

further analysis. 

 

The reference Si3N4 and Si3N4 based 
nanocomposite with different carbon addition were 
irradiated in a controlled-temperature irradiation rig inside 
the Budapest Research Reactor (BRR). The total 
irradiation time was about 700 h at 270 ºC; samples 
accumulated a final fluence of about 1020n/cm2 
(E>1MeV). The mechanical tests were performed with in 
house made tools (see Figure 66.). 

The radiation toughness of the ceramics was 
evaluated in terms of changes in the mechanical 
properties (e.g. elastic modulus, 3-point and 4-point 
bonding strength). The mechanical measurements 
confirmed the change between strength before and after 
radiation. In the case of 4-point bonding strength 
measurements, all nanocomposites (with and without 
addition) resulted in higher values with about ~50 ÷ 100 
MPa after neutron radiation. Pure Si3N4 ceramic had the 
best mechanical properties, because there are no pores in 
the sintered material. 
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During the previous years, RMKI have studied 
many areas of DEMO maintenance in cooperation with 
institutes like FZK and CEA, some investigations being 
under the guidance of EFDA. The work included the 
adaptation of ITER-like blanket handling scenarios to 
DEMO conditions, working out a new maintenance 
concept for the Multi-Module-Segments (MMS) blanket 
segmentation scheme, divertor maintenance studies and 
attachment investigations.  

In 2008, the work was done in cooperation with 
FZK, and focused on attachment studies for modified 
boundary conditions. The background of the modification 
is that in 2007, it became clear that EFDA intends to 
support a reactor design with Low Temperature Shield 
(LTS) instead of the High Temperature Shield (HTS), 
which was previously developed and proposed by FZK, 
and for which HAS had been working on maintenance 
and attachment issues. The HTS concept means that the 
neutron screening shield operates at the same temperature 
as the MMS (~350C). It is a self-supporting toroidal 
structure which can freely expand as it is connected to the 
Vacuum Vessel with bending bars. The MMS elements 
can be relatively easily attached because there is no 
differential thermal expansion between them. According 
to the new design presently advocated by EFDA, 
however, the shield is “cold”, ~100C, not structural 
element and is attached to the Vacuum Vessel (VV). FZK 
and HAS still thinks the HTS concept to be promising, 
but in 2008 we began developing an alternative concept to 
meet EFDA requirements. The attachment became much 
more complex because of the differential thermal 
expansion between the LTS and MMS. 

In the course of the studies, a complete attachment 
system for the new boundary conditions has been worked 
out. The attachment between the MMS and the LTS is 
only made through the lower inboard (IB) and outboard 
(OB) bending bars. The bars themselves are connected to 
a ring, and the bottom of the MMS is resting on the ring, 
The MMS are not connected to any other part of the 
vacuum vessel or shield, notably, there is no connection 
between MMS and LTS at the upper regions. 
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To increase the robustness of the assembly, the IB 
and OB MMS are toroidally tightly attached together in 
blocks of 45 degrees. Eight such blocks are then 
connected toroidally to form a complete ring. Then the IB 
and OB rings are also connected in the top region. For the 
overall scneario see Figure 67. The difficulties involved 
in the attachment of MMS are very serious and they come 
from the following factors: great weight of MMS (up to 
70 tons), neutron irradiation, requirement of full remote 
handling, limited space for manoeuvring, accessibility 
problems and differential thermal expansion. The 
developed structures were validated by FEM methods. 

 

 
 
Figure 67. MMS attachment concept for Low Temperature Shield (LTS) 
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Helium behaviour and displacement damage 
assessment in beryllium using many-body molecular 

dynamics simulations 

Elaboration of a framework of molecular dynamics 
(MD) simulations is in progress for beryllium. The aim is 
simulating displacement cascades and helium behaviour 
in the damaged structure. 

Versions 2 and 3 of the DL_POLY molecular 
dynamics (MD) simulation code were used in our 
approach. Hexagonally closed packed (hcp) Be crystals 
with 103, 8x103 and 106 unit cells and a few He-atoms 
were simulated. Following the ideas of Cayphas et al. [1] 
the potential energy term of the system was described by 
Finnis-Sinclair type IKV and Born-Mayer type electron 
density dependent many body potentials. For comparison, 
the simulations were repeated using 2-body interaction 
potentials [2], too. The short range parts of all potentials 
used were coupled to the relevant ZBL-potentials. 

After equilibration of the systems displacement 
cascades were induced by a primary knocked Be-atom 
with energy in the EPKA = 0 - 100 eV range. In the MD 
calculations NPT ensembles, Berendsen thermostat and 
the leapfrog (LF) integration scheme were used, and T = 
600 K = 51.7 meV temperature and p = 0 bar pressure 

were kept. The number of displaced Be-atoms and Be-
vacancies were followed as a function of the time elapsed 
after the primary collision. 

When the electron density dependent potentials 
were used the numbers of displaced Be-atoms and Be-
vacancies created in the thermal spike phase were 
significantly higher than in the cases when 2-body 
potentials were used. In the cases of using electron 
density dependent many body potentials the volume 
affected by the cascade was significantly larger than in 
the case of using 2-body potentials. For high irradiation 
fluxes, this observation suggests that the diffusion rate of 
the He-atoms embedded in the Be-matrix might be 
underestimated by simulations using 2-body potentials. 
Further studies of the potentials and further simulations 
are necessary to validate this conjecture. 

Another achievement is a new computer program 
developed by us for extracting the coordinates and 
components of the velocities of the displaced atoms and 
vacancies of the cascade from the DL_POLY output files. 
The program enables the visualization of the simulated 
displacement cascade alone. In this way it is easier to 
study the nature of the cascade. 
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20 fs 40 fs 160 fs80 fs
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Figure 68. Evolution of a displacement cascade induced in hcp Be-

crystal by a primary knocked Be-atom (red) with initial energy EPKA = 

5.6 eV. Be-vacancies (white) and Be-interstitial (green) atoms are 
shown. (p = 0 bar, T = 600 K = 51.7 meV; electron density dependent 

many body IKV-potential was used for the Be-atoms embedded in the 

Be-matrix). 
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Development of a high performance computer code 
for molecular dynamics simulations 

Molecular Dynamics (MD) simulation is a widely 
used technique for modelling complicated physical 
phenomena. Since 2005, we have been developing a MD 
simulation code for PC computers. The computer code is 
written in C++ object oriented programming style. The 
aim of our work is twofold: a) to develop a fast computer 
code for the study of random walk of guest atoms in Be 
crystal, b) 3 dimensional (3D) visualization of the 
particles motion. In this case we mimic the motion of the 
guest atoms in the crystal (diffusion-type motion), and the 
motion of atoms in the crystal-lattice (crystal 
deformation). 

We have chosen a new technology for the new MD 
simulation software. It is the CUDA (Compute Unified 
Device) architecture introduced by nVidia Corporation in 
2007. It is a very useful tool for every processor-hungry 
application. A Unified-architecture GPU includes 96-128, 
or more stream processors, so the raw calculation 
performance is 576(!) GFLOPS. It is ten times faster, than 
the fastest dual Core CPU. As a result the MD code runs 
10 times faster in the critical calculation code segment. 
The very powerful GPU has a strongly paralleled 
structure. We developed an algorithm that works on 
several processors without deadlock. The code currently 
uses 256 threads, shared and constant on-chip memory, 
instead of global memory which is 100 times slower than 
others. It is possible to implement the total algorithm on 
GPU, therefore we do not need to download and upload 
the data in each iteration. On behalf of maximal 
throughput, every thread runs with the same instructions. 

Acknowledgement: This work was supported by 
the “Bolyai” Grant program of the Hungarian Academy 
of Sciences and by the Hungarian National Office for 
Research and Technology. 
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KrF laser development and plasma mirror 
experiments 

The experimental works in Hungary were – as 
previously - concentrated in the HILL laboratory. The 
KrF laser system has an output energy of 70 mJ with 
620±10 fs pulse duration. It was upgraded in the previous 
year, therefore a significant part of the year was spent by 
beam characterization and technical issues. The 
inhomogeneity of the preamplifier discharge resulted in a 
large scatter of the energy and shape of the final pulse. 
The imperfections of the vacuum pinhole and the vacuum 
technical problems therein caused serious imperfections 
of the beam shape, therefore the contrast and focusability 
was below the expectations. Therefore no experiments 
with tight focusing to 1018W/cm2 intensity were carried 
out this year, i.e. these types of the experiments are 
postponed to the next year. During 2008 experiments with 
lens focusing by an f/10 lens were performed up to a 
maximum intensity of 5·1016W/cm2.  

The applied pinhole before the last amplifier 
improves the energy contrast of the laser beam. However, 
the part of the ASE prepulse which goes through the 
pinhole is amplified further in the main amplifier, and this 
part of the ASE is better focusable, therefore the intensity 
contrast will not be improved above the previous 10 
orders of magnitude. It means that in the focus the ASE 
prepulse level is 108W/cm2 when tightly focused, which – 
due to photoablation and photoionization - might have a 
detrimental effect to harmonics and isochoric heating 
experiments. 

Therefore experiments were started to investigate 
the applicability of plasma mirrors – which have been 
successfully used in several laboratories with experiments 
using infrared lasers – for the 248 nm wavelength KrF 
lasers. Reflectivity experiments were carried out by 
focusing the s-polarized laser beam of 620 fs duration 
onto solid targets coated by antireflexion layer with 45° 
angle of incidence. The intensity was varied by moving 
the target relative to the focal plane. In order to 
characterize the plasma, VUV spectroscopic 
investigations were carried out on low-Z, LiF targets in a 
similar geometry.  
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Figure 69. shows the appearing He-like Li lines 
above 5×1012W/cm2 intensities, when the reflectivity 
starts to increase as well. 

 
Figure 69. Just above the plasma threshold the radiation of the He-like 

Li appears 

It was found that the reflectivity starts to increase 
above 1012W/cm2 even below the appearance of He-like 
Li lines. Similarly to the observations using infrared laser 
beams plasma reflectivity saturates at 2-3·1013W/cm2. The 
saturation intensity corresponds to a plasma temperature 
of 20eV as concluded from the dominance of the Ly-α 
line of Li. 

 
Figure 70. Saturation of the reflectivity of the plasma mirror with 
increasing intensity 

High-harmonics experiments  

The participation in an experiment in the MPQ 
within the frames of the EURATOM mobility program 
resulted in the first observation of high-harmonics from 
solid states using a sub-10 fs laser with carrier-phase 
envelope effects in the structure of harmonics. The 
dependence of harmonics generation on the polarization 
of the laser beam was investigated in detail.  

 
Figure 71. Dependence of harmonics intensity on the polarization of the 

laser beam 

As it can be seen in Figure 71., harmonics 
generation drops as the polarization of the incoming laser 
beam is changed from p- to s-polarization. The strong 
polarization sensitivity might eventually lead to a single 
attosecond pulse generation even in the case of the CWE 
(coherent wake emission) mechanism, as it was the 
driving mechanism throughout the experiment. On the 
other hand in case a successful increase of laser intensity 
the ROM (relativistic oscillating mirror) mechanism starts 
to appear, which is more sensiotive to the polarization, 
and thus it is the preferred mechanism for generating 
single attosecond pulses.  

Magnetic field measurement with “phase-amplitude 
imaging”  

One of the possible explanations of our previous 
high-harmonics observations, i.e. that they appear either 
with p- or s-polarized radiation in case of a 600 fs KrF 
laser beam was that strong self-generated magnetic fields 
arise even for nonrelativistic intensities. In collaboration 
with the Czech Technical University, M. Kálal and M. 
Martinková started to apply the – by them developed - 
simultaneous interferometric + polarimetric diagnostics, 
the phase-amplitude imaging to our system. The 
arrangement was set up in August with system tests. In 
December interferometric studies of laser-produced 
plasmas were carried out with an increased international 
collaboration, with the participation of one more student 
from the University of Milano Bicocca. Time dependent 
interferograms were taken. After evaluating the data and 
optimizing the experimental parameters magnetic field 
studies are to be carried out in 2009. 

 
Figure 72. Interferogram of laser plasma on 0.5mm carbon rod. The 

laser is coming from right to left. 

 
*until 30 June 2008. 
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The 6th Summer Training Course (SUMTRAIC) 
for Experimental Plasma Physics was jointly organized 
with the EURATOM Association IPP.CR between 26 
June and 4 July in the R Building of the Budapest 
University of Technology and Economics in Budapest, 
Hungary. 

These series of summer courses are distinguished 
by their special emphasis put on introducing the students 
to  

• different experimental techniques applied in 
controlled nuclear fusion research, 

• data evaluation procedures and algorithms, 
• high level data evaluation languages 

(MATLAB and IDL).  
The course consisted of three parts: frontal lectures, given 
by Czech and Hungarian experts on general subjects in 
nuclear fusion research as well as specific problems 
concerning the measurements; experiments on a linear, 
low pressure glow discharge tube in the laboratory; and 
students’ talks about the results of their measurements. 

Altogether 8 students had participated from 5 different 
countries. 

For this occasion of the SUMTRAIC, a new version of 
our glow discharge tube was built with increased 
reliability of operation and improved Langmuir probes. 

The SUMTRAIC 2009 will again be organised at the 
tokamak in Prague. 
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Sziget Festival is a traditional music festival on an 
island of Danube in Budapest. For a week a small city is 

formed in the heart of the Hungarian capital: 65000 young 
people live there in tents, attend concerts, eat out, drink 
coffees and have fun. There are lots of organized cultural 
programs, exhibitions during the day and music concerts 
on about 10 stages in the evening. It has become one of 
the most popular music festivals in Europe: every year 
thousands of foreign visitors come here, several cultures, 
languages meet there during the week. 

A part of this island is devoted to cultural 
activities: on the so called Civil Sziget. Non-profit 
organizations can present themselves and give valuable 
information to the islanders. The covered topics span a 
wide range of problems, questions concerning our world 
and society (health, environment, religion, etc.). 

Since 1999, it has become a tradition that the 
Youth for Nuclear Energy (FINE), the youth section of 
Hungarian Nuclear Society (MNT) participates on the 
Civil Sziget. In the Nuclear Tent, experts give 
information about the nuclear energy source of the present 
(the fission) and the energy source of the future (the 
fusion, of course). The visitors are guided through the 
most important aspects of applications, usage and 
research in the field of energetics. The islanders can 
extend their knowledge by filling out simple tests. The 
main goal is to reach people, to make liaison between 
experts and non-professionals. Everyone who visits the 
tent can take brochures, CD-s, T-shirts, pens, and other 
funny and useful gifts which make the time spent there 
memorable. In 2008 the tent was equipped with new 
demonstration posters (e.g. one about ITER had great 
success), plasma spheres and plasma lights. 

The activity in the tent was reported in radio and 
television interviews and several articles in national 
newspapers. A talk entitled „Energy sources of the future 
– Possible answers to global warming” was organized, 
where the president of the Energetic Committee of HAS, 
a professor of Corvinus University Budapest, the 
president of the Hungarian Wind Energy Association, the 
president of the Hungarian Solar Energy Association and 
the Head of Association Euratom – HAS were present. It 
was emphasized that the diversity of the different energy 
sources has the greatest importance today, a healthy 
balance must be found among the existing technologies 
(fossil, the renewable and the nuclear) and fusion can 
have dominant role in the energy mix as soon as it is 
ready for large-scale energy production. 

 

STARTING AND SUPPORTING SPIN-OFF COMPANIES 

B. Mészáros 

KFKI-RMKI 

Contact E-mail:botond.meszaros@rmki.kfki.hu 

To be able to promote the industrial application of 
developed technologies and use of acquired specific 
knowledge, during 2008 there were two spin-off 
companies established by the Hungarian Academy of 
Sciences, handled by the KFKI Research Institute for 
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Particle and Nuclear Physics. These two companies target 
the mechanical engineering services (Fuziotech Ltd.) and 
electronics (Adimtech Ltd.) sectors.  

In more details, Fuziotech Ltd. combines the 
advantage of a flexible engineering enterprise with the 
experience and accumulated knowledge of plasma 
physical and fusion technological research institute. The 
company profile includes engineering design, 
development, engineering analysis activities as well as 
providing project management services and coordination 
of the Hungarian manufacturing companies willing to be 
involved in fusion business. All above activities are based 
on the fusion technology experience acquired in the frame 
of the institute in the past years.  

The mission of Advanced Imaging Technologies 
(ADIMTECH Ltd.) is to provide imaging solutions to 
problems in scientific research and industry. With 20 
years of experience in controlled fusion research and 
digital imaging, Adimtech is capable of providing 
complete hardware-software solutions with an insight into 
the physical details. The company partly relies on the 
electronics design of the institute, which is the basis of 
further development.  

 

WP08-RPA COORDINATION OF RP ACTIVITIES 

P. Giese 

KFKI-RMKI 

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

Contact Jabber ID: kfki_piroska_giese 

The aim of the Remote Participation (RP) 
activities under EFDA is to support the needs of the 
EURATOM Fusion Associations regarding Remote 
Participation tools, including links to all fusion activities 
in Europe. A network of EFDA Remote Participation 
Contact (RPTC) persons and the EFDA Remote 
Participation Users’ Group (RPUG) assists the 
coordination. 

Remote Participation technical activities cover: 

• Definition of an overall strategy for further 
development of Remote Participation tools 
taking into account compatibility issues and 
available resources; 

• Improvement of the remote participation tools 
for better exploitation of the experimental 
facilities under EFDA based on the EFDA 
Remote Participation Users’ Group 
recommendations; 

• Support to the EFDA Taskforces and Topical 
Groups in terms of remote participation needs 

• Support and Technical Development through 
EFDA Remote Participation technical contact 
persons; 

• Collaboration among Associations, including 
other organizations involved in fusion 
research, in the area of remote participation; 

• EU remote participation activities within the 
ITER Framework, including establishing the 
appropriate links with F4E. 

The activity is organized in five technical topics: 

1. Remote Data and Computer access 
2. Networking  
3. Teleconferencing Infrastructure 
4. Documentation and User Facilities  
5. Remote Experiment Participation 

The RPTC general meeting in preparation of 
defining the Workprogramme was organized by the 
coordinators at RFX, Padova in June 2008 corresponding 
to the Milestone. The minutes of the meeting as document 
RPTC_0246 was delivered [1]. As the outcome of the 
Workshop the draft of Remote Participation 
WorkProgramme 2008-2009 was presented as document 
RPTC_0247 [2] to the RPTCs and presented to EFDA 
Leadership. 

In order to satisfy the users need the RPUG, first 
established in 2000, was revoked and a RPUG meeting 
was prepared to be held at EFDA JET, Culham. The 
objectives of the meeting were to disseminate the existing 
knowledge of Remote Participation tools within the 
RPUG and understand users' current requirements and 
problems. [3] 

The use of H.323 based videoconferencing is de 
facto standard in the EFDA Fusion Community. A 
recommendation for a minimum level of equipment - a 
PVX license together with a Logitech Quickcam 5000 
and Polycom communicator - was formulated and sent to 
the HRUs. The bi-monthly-organized meetings endorse a 
stronger collaboration of the RPTCs in the topic of the 
videoconferencing and it helps to follow up future trends 
as well. The EFDA Phonebook collection set up at EFDA 
CSU is a good starting point for a centralized directory 
containing the calling numbers of the individual users’ 
videoconference equipments [6]. 

An on-line survey of Remote Participation 
Resources and its use was developed and delivered to 
RPTCs and the members of RPUG [7].  

This work was carried out in the frame of Task 
Agreement implemented on the basis of the provisions 

given in Art. 5 of the EFDA Agreement and presented on 

the 25th SOFT Conference in Rostock, Germany [4] and 

reported to the EFDA leadership [8]. 
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Greece), Europhysics Conference Abstracts, vol. 32 D, 
P2.034, 2008 
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Földes I B, Szatmári S: Multiple-beam fast ignition 
scheme based on ps KrF laser pulses; HPPW Gyr, oral 
talk, 2008, 
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October, 2008, 
 
Gál K, Fehér T, Smith H, Fülöp T and Helander P: 
Runaway electron generation during plasma shutdown by 
killer pellet injection , Plasma Phys. Control. Fusion 50 
(2008), 055006, IF:3.070 
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ANNEX 1. 
FINANCIAL INFORMATION 

 
 
 

Key account figures of Association/HAS in 2008 
 
 

  
EXPENDITURE 

(EUR) 

General Support (max. 20% EU contribution, ceiling: 188 900 EUR)  1 252 008 

  Physics 1 186 024 

  Inertial Fusion Energy 55 784 

 JET Notification (EFDA Art. 6.3) 10 199 

JET Order (100% EU +EFDA contribution) 58 792 

Missions and secondments under the Agreement on Staff Mobility 343 149 

Secondments to CSU Culham and Garching 27 864 
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ANNEX 2. 
STAFF 

 
KFKI-Research Institute for Particle and Nuclear Physics (KFKI RMKI) 
 

Physics studies: 
Name M/F Profession  
Professionals: 
Dr. J.S. Bakos M Researcher 
A. Bencze M Researcher 
Dr. K. Gál F Researcher 
Dr. P. Giese F Researcher 
Dr. S. Kálvin M Researcher 
Dr. B. Kardon M Researcher 
Dr. G. Kocsis  M Researcher 
Á. Molnár M Researcher 
J. Sárközi M Researcher 
Dr. G. Petravich  M Researcher 
Dr. G. Veres M Researcher 
Dr. S. Zoletnik M Researcher 
T. Baross M Engineer 
O. Bede M Engineer 
G. Bürger M Engineer 
G. Grunda M Engineer 
B. Mészáros M Engineer 
D. Nagy M Engineer 
S. Récsei M Engineer 
M. Szulman M Engineer 
A. Szappanos M IT expert 
G. Anda M Ph.D. student 
É. Belonohy F Ph.D. student 
D. Dunai M Ph.D. student 
T. Szepesi M Ph.D. student 
İ. Benedekfi M Physicist 
B. Tál M Graduate Student 
A. Aranyi M Student 
T. Fehér M Student 
T. Helfenbein M Student 
Sz. Kecskés M Student 
I. Kiss M Student 
A. Szőcs M Economist 
Non-professionals:   
S. Bató M Technician 
F. Nemoda M Technician 
Zs. Simon F Technician 
F. Voczelka M Technician 

 

Technology: 
Professionals: 
T. Baross M Engineer 
O. Bede M Engineer 
G. Grunda M Engineer 
D. Nagy M Engineer 
J. Sárközi M Engineer 
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Keep in touch activity on inertial confinement: 
Professionals: 
Dr. I. Földes M Researcher 
Dr. E. Rácz M Researcher 
N. Jegenyés F Ph.D. student 

 
Technical University Budapest (BME)  
 

Institute of Nuclear Technology (BME NTI) 
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G. Légrádi M Engineer 
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K. Nagy M Graduate student 
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P. Kávrán M Ph.D. student 
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Underlying Technology: 
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Dr. A. Fenyvesi M Researcher 
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I. Valastyán M Graduate student 
G.J. Páli M Graduate student 

 
University of Debrecen (UD) 
 
Technology: 

Professionals: 
Dr. S. Sudár M Researcher 

 
Eötvös Loránd University (ELTE) 
 
Technology: 

Professionals: 
Dr. Z. Homonnay M Researcher 

 
College of Dunaújváros (CU) 
 
Technology: 

Professionals: 
G. Hajós M Researcher 
M. Horváth M Researcher 
Dr. E. Kiss M Researcher 
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ANNEX 3. 
MANAGEMENT STRUCTURE 

 

 

 

EURATOM 
European Commission 

DG Research 
  

Hungarian Academy 
of Sciences 

(HAS) 

�    
Association/HAS 

 

Steering Committee 

S. Booth  

Y. Capouet  

J-J. Lopez  

 

J. Gadó 

K. Szegı 

Z. Szıkefalvi-Nagy  

 

Head of Research Unit 

S. Zoletnik 

Deputy Head of Research Unit 

G. Kocsis 

 

 

 

Contact information 
 
 
 

Association/HAS, Head of Research Unit 
 
Dr. S. Zoletnik 

KFKI Research Institute for Particle and Nuclear Physics 
(KFKI RMKI) 
Konkoly-Thege u. 29-33, H-1121 Budapest, Hungary 
Postal address: P. O. B. 49, H-1525, Budapest, Hungary 
Fax: +36 1 392 2598 
Phone: +36 1 392 2753 
E-mail: zoletnik@rmki.kfki.hu 
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ANNEX 4. 
HUNGARIAN REPRESENTATIVES 

IN THE EUROPEAN COMMITTEES RELEVANT FOR FUSION R&D 
 

 

EURATOM Scientific and Technical Committee (STC) 
Dr. Z. Szatmáry (BME NTI) 
Dr. S. Zoletnik (KFKI RMKI) 
 
 
Consultative Committee for the EURATOM Specific Programme on Nuclear Energy Research, 
Fusion (CCE-FU) 
Dr. Z. Lengyel (Hungarian Atomic Energy Authority) 
Dr. Cs. Sükösd (BME NTI) 
Dr. S. Zoletnik (KFKI RMKI) 
 
 
EFDA Steering Committee 
Dr. G. Kocsis (KFKI RMKI) 
 
 
Scientific and Technical Advisory Committee (STAC) 
Dr. S. Zoletnik (KFKI RMKI, vice chair) 
 
 
ASDEX Upgrade Programme Committee 
Dr. S. Zoletnik (KFKI RMKI) 
 
 
International Board of Advisors of Association IPP.CZ 
Dr. S. Zoletnik (KFKI RMKI) 
 
 
MAST Programme Advisory Committee 
Dr. S. Zoletnik (KFKI RMKI) 
 
 
Inertial Fusion Energy Working Group (IFEWG) 
Dr. I. Földes (KFKI RMKI) 
 
 


