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FOREWORD
This yearbook is prepared for the Steering Committee of the Hungarian Fusion Association
(EURATOM Association HAS) to give an overview of the annual activities. 2009 was the 10-th year
since the existence of the Association therefore it is worth looking back to our progress during this
decade. In 2000 the Association started with a few physicists at the KFKI Research Institute for
Particle and Nuclear Physics (KFKI RMKI) involved in fusion plasma physics measurements on the
Wendelstein 7-AS stellarator and the ASDEX Upgrade tokamak. Starting the Association and the
related Commission support enabled widening our activities and expanding the group with Ph.D.
students in the first few years. Connection with universities intensified by restarting fusion courses at
the Budapest University of Technology and Economics (BME) and involving the researchers of BME
in the research work.
During the intensification of ITER discussions in 2003 it became clear that engineering
capabilities will be indispensable for future experimental fusion physics work, therefore we started to
seek possibilities for setting up an engineering group. This turned to reality in 2005 when a combined
fusion-fission nuclear technology development grant (NUKENERG) was awarded by the National
Office for Research and Technology. The grant enabled recruiting an engineering group of about 15
based in 2 departments at BME and KFKI RMKI. The engineering capability enabled the Hungarian
fusion Association a strong involvement in present and fusion experiments, since the past 5 years our
researchers and engineers have been involved in a series of present fusion experiments as well as in the
future ITER tokamak and the Wendelstein 7-X stellarator as well. For details the reader is directed to
the Executive Summary and the detailed reports in this booklet.

Dr. Sándor Zoletnik
Head of Association
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EXECUTIVE SUMMARY
energy, in training of young scientists, in remote
collaboration techniques and in PR activities.

Thermonuclear fusion of light nuclei as a source
of energy is a promising alternative to both renewable
and nonrenewable energy sources available to date. The
major attractiveness of fusion is its availability
everywhere on Earth as well as its potential to produce
large amounts of energy without substantial loads on the
environment.

ITER Physics basis
There are two main fields where our Association
is traditionally above average active: the study of plasma
turbulence on one hand and pellet plasma interaction on
the other. A new emerging field is the study of post
disruption runaway electron generation and suppression.

To achieve fusion, the light nuclei – such as
Hydrogen, Deuterium and Tritium – must be “shot”
against each other with a high velocity to overcome the
repelling Coulomb force existing between nuclei of the
same charge. Unfortunately, the effective scattering
cross-section associated with the Coulomb force is much
larger than the fusion cross-section, and so many
scattering events occur before a useful fusion reaction
takes place. To overcome this problem, a very high
temperature (of the order of 107 K) medium, called
plasma must be generated and confined for a long
enough time. In this medium the nuclei may collide and
fuse many times.

Geodesic Acoustic Modes (GAMs) – a periodic
branch of zonal flows – were successfully detected and
characterized with the help of the Beam Emission
Spectroscopy (BES) diagnostics on the TEXTOR
tokamak. It was found that the frequency of GAMs
changes continuously from about 15 kHz, located 4 cm
deep in the plasma, to about 10 kHz at the Last Closed
Flux Surface. After the successful detection of GAMs,
regular measurements were done in collaboration with
the reflectometry and Langmuir probe groups to study
GAM behavior under various plasma conditions. The
GAM related plasma density modulation was also
attempted to be detected with the Li-beam diagnostic. It
was confirmed that the modulation is less than the
detection limit of the diagnostic, which is a few tenth of
a percent. This finding is in agreement with theoretical
calculations.

There are several devices around the world (and
so around Europe) that are capable of confining
Hydrogen/Deuterium plasmas of fusion relevant
temperature for a fusion relevant time (of the order of
one second). The researchers conduct dedicated
experiments on those devices to not only achieve fusion
relevant, but also fusion reactor relevant conditions or
extrapolate from their results to those conditions.

On MAST, JET and ASDEX Upgrade tokamaks,
we continued the work started in the previous years on
plasma turbulence and our main efforts were focused
towards the increase of the capabilities of our
measurement systems: for MAST a new, Avalanche
Photo Diode (APD) based multichannel system was built
to detect the BES light from the heating beam; on JET a
new Li-beam chopper device was installed and on
ASDEX Upgrade the design and installation of a new,
high light gain in-vessel Li-beam optic was started.

Association HAS does not have at present a
fusion experiment on its own. As a consequence, its
scientists participate in and contribute to the fusion
programs that are run at 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 Republic), the Wendelstein 7-X
stellarator (under construction in Greifswald, Germany)
and the JET tokamak (Culham, UK). The participation
on these machines covers (among others): the
development and installation of new diagnostics,
modeling activities and taking part in experimental
research. These collaborations were made possible by
the Mobility Program of EURATOM.

As for pellet plasma interaction studies, at
ASDEX Upgrade tokamak the “Blower-gun” pellet
injector has recently been modified to produce 1 mm
diameter cylindrical pellets. During 2009, the injector
was characterized and tested with the new pellet size.
Unfortunately the pellet delivery efficiency was not
higher than 20-50%, which could only be improved up to
60% by fine-tuning the injector parameters. Further
improvement could not be achieved, and it became
obvious that better performance cannot be expected
without significant hardware modifications and so it has
been decided that the Blower-gun must be withdrawn
from the AUG torus hall into the pellet laboratory. The
development of the Blower-gun was put on the third
place on AUG’s priority list, the first being the
modernization of the centrifuge injector, followed by the
installation of a room temperature solid state impurity

In 2009 Association HAS contributed to the
European fusion program mainly in the following three
fields:
•
•
•

development of the ITER physics basis,
development of plasma diagnostic systems,
development of new emerging technologies.

Besides these, some minor contribution has been
done in the keep-in-touch activity in inertial fusion
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atmospheric conditions only. The testing in vacuum and
modifications, if required, is the program of the first
quarter 2010. The EVO has also been tested and some
minor modification needs identified. The main challenge
in this part was to mount its large lenses (diameter 170
mm), and ensure rotational drives to the main optical
components needed to compensate for image rotation
when looking at different major radii in the tokamak.

pellet injector. We will contribute in the coming years to
both of these high priority projects.
Understanding the ablation process of cryogenic
Deuterium (D) pellet in plasmas is of great importance.
Short exposure (in the order of µs) fast framing camera
images of the radiating cloud formed around the ablating
pellet were recorded, collected and analyzed for this
investigation. For every image, the spatial distribution of
the visible radiation was determined. Based on this two
dimensional information a database was created. It stores
parameters characterizing the cloud, pellet parameters
and local plasma parameters. Our analysis aims to reveal
if and how pellet cloud shape and radiation distribution
depend on different parameters. Our database is filled
with the above data for about 150 pellet cloud images
and our future plan is to investigate the parameter
dependency of the cloud distribution both parallel and
perpendicular to the magnetic field lines and also the
time evolution of the pellet cloud distribution.

In 2009, Association HAS has also contributed to
the design of some of the ITER diagnostic. This include
the thermal analysis of the bolometer cameras, the
engineering design and simulation of the first mirror
holding structure (so-called retractable tube) for core
CXRS and testing the concept of a fast BES
measurement as an extension to the core CXRS, as well
as the examination of first and second mirror installation
of the core LIDAR Thomson scattering diagnostics.
The development of an event detection intelligent
camera (EDICAM) was continued in 2009. Up to now
the camera was operable under Linux, but a newly
written driver enables the use of the camera also under
Windows.

During disruptions, the swift cooling of the
plasma may lead to runaway electron generation, or even
to a generation of a beam of runaways which has a
potential to damage machine parts. On TEXTOR, the
suppression of these runaways with Resonant Magnetic
Perturbation (RMP) coils was studied with the help of
the ANTS (plasmA simulatioN with drifT and
collisionS) code.

In the W7-X stellarator the development of the
video survey diagnostics is the task of the Hungarian
Association. Ten fast cameras will record the plasma
discharges from 10 tangential ports. To install and fix the
cameras in the 2 m long twice bent AEQ ports used for
the video diagnostics, a mechanical structure is being
developed at KFKI-RMKI. In 2009 the design of AEQ
port’s front parts were modified because of
manufacturing reasons by IPP-Greifswald. Double pipes
for shutter control and hydrogen puffing (which keep the
vacuum window clean) were developed. A critical
component from the thermal point of view is the front of
the AEQ port that protects the parts behind it against the
thermal load from the plasma. This part was modified
several times until it evolved to the final design. The
problem was that the viewing cone of the camera crossed
a piece of the component. The new design eliminates this
problem. Also the optical design of a special camera lens
has been concluded in 2009 and a prototype lens has
been built and tested.

Development of plasma diagnostics
In this field, the center of mass of our activities is
around the installation of the BES and the development
of the Atomic Beam Probe (ABP) diagnostic for the
reinstalled COMPASS tokamak as well as the
installation of a new optical observation system for the
MAST BES heating beam.
The BES’s observation system on COMPASS
will be separated into two parts. The slow measurement
(~10 ms) with a CCD camera will be used for electron
density reconstruction, while the fast part (~1 µs) will be
used for plasma turbulence and fluctuation studies. The
ABP will be an extension of the original BES system via
collection of ions stemming from beam ionization in the
plasma. From the toroidal deviation of the ions, the edge
plasma current distribution will be calculated. A test
detector has been designed and installed at the end of
2009. The test detector has different collector electrode
sizes to measure the background noise level in
COMPASS. The final detector is planned to be installed
during 2010.

Emerging technologies
The following topics can be mentioned in this
category: investigation of structural materials for fusion
applications, molecular dynamics simulation of radiation
damage in beryllium and the design of HELOKA
auxiliary components. For fusion reactor relevant
structural materials a strong development started for
Oxide Dispersion Steel (ODS). Laboratory scale
manufacturing has been done and the resulting materials
characterized. These advanced materials are expected to
have improved the radiation toughness.

A trial 8-channel BES diagnostic has been
successfully operated on MAST in the past years for
turbulence and ELM measurements. This diagnostic uses
the collecting optics of the MAST CXRS system. Based
on the results, a dedicated BES system was designed,
built and tested at KFKI-RMKI. This new system
consists of two main parts: the in-vessel optics (IVO)
and the ex-vessel optics (EVO). The operations of the
IVO, the rotation drive of the first mirror and the shutter,
were successfully demonstrated at the end of 2009 in

HELOKA is a Helium gas cooling experiment
under construction at the Karlsruhe Institute of
Technology for testing the cooling circuit of the ITER
Test Blanket Modules. Important parts of this
experiment have been designed by Hungarian engineers
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in the past years, and now the Association is also
involved in the detailed work during construction.

For training and career development in 2009,
the 7th Summer Training Course (SUMTRAIC) for
experimental plasma physics was jointly organized with
the EURATOM Association IPP.CR at the newly
reinstalled COMPASS tokamak. Three Hungarian
students were present and successfully completed the
course. During 2009, we also had a trainee in the
framework of the EFDA Goal Oriented Training
program in the area of thermomechanical engineering of
in-vessel components.

Keep-in-touch activity
The EURATOM fusion program is oriented
towards magnetic fusion but has a Keep in Touch
Activity in inertial confinement fusion. In the framework
of this, experiments were further carried out in the
direction of harmonic light generation in laser plasma
and 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.
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measurements, while the latter fits perfectly to Langmuir
probe data. Interestingly GAMs also appear in the
background signal of the Li-beam diagnostic, which is
believed to be a result of the modulation of the
Bremsstrahlung radiation by the GAM related density
modulation at the bottom of the plasma.

ITER PHYSICS BASIS
MEASUREMENT OF INTERACTION OF PROFILES AND
TURBULENCE IN TEXTOR

Velocity modulations were also calculated with the
ACFM method from reflectometry data. Coherency was
calculated between the velocity modulation signals from
the two diagnostics and values up to 0.4 were found. The
crossphase at the maximum coherency is close to zero
both for reflectometry measuring at the top and at the
equatorial plane of the plasma. As the measurement
locations are distributed around the torus the m=0, n=0
spatial structure of the modulations could clearly be
proven. In contrast to the clear detection of GAMs
random low frequency zonal flows were found neither in
Li-beam nor in reflectometry data.

S. Zoletnik1, L. Bardóczi1, D. Dunai1, G. Petravich1,
D. Réfy2
1

KFKI-RMKI
2

BME-NTI

Collaboration: FZ Jülich
Contact E-mail:zoletnik@rmki.kfki.hu
Geodesic Acoustic Modes (GAMs) are a periodic
branch of zonal flows believed to be one element of the
self-regulating system of turbulence and flows in
magnetically confined plasmas. GAMs in TEXTOR have
earlier been detected with reflectometry at r/a<0.9 and
with Langmuir probes at r/a>0.95. In the previous year
the TEXTOR Li-beam diagnostic was upgraded with a
highly efficient fast detection system built by the
Association
especially
to
attempt
turbulence
measurements in the outer 20% of the plasma minor
radius. In 2009 various data evaluation methods have
been developed and compared to each other. One method
tracks modulations in the poloidal flow velocity by
analyzing changes in the minimum place of the
oscillatory autocorrelation function of the Quasi-Coherent
mode dominating the edge turbulence in TEXTOR.
Finally this, so called Autocorrelation Function Minimum
(ACFM) method, detected GAMs in the edge plasma of
TEXTOR. They show up as a 1-2 kHz wide peak in the
power spectrum of velocity modulations.

The radial structure of the GAM related velocity
modulations was studied by correlation calculations
between the 14 Li-beam signals. It is clearly shown that
the phase changes linearly with radius.
After the successful detection of GAMs regular
measurements were done in collaboration with the
reflectometry and Langmuir probe group to study GAM
behavior under various plasma conditions. Unfortunately
correlation measurements with the probes could not be
done in 2009 due to failure of the probe reciprocating
mechanism.
A GAM related plasma density modulation was
also attempted to be detected by the Li-beam diagnostic.
It was confirmed that the modulation is less than the
detection limit of the diagnostic, which is a few tenth of a
percent. This finding is in agreement with theoretical
calculations which predict a density modulation only at
the bottom and top of the plasma. Study of modulation of
density fluctuation amplitude by GAMs has also been
started and some peak at the GAM frequency found.
However, the peak sits on a broadband noise spectrum the
origin of which is not clear yet.

It was found that the frequency of GAMs changes
continuously from about 15 kHz, located 4 cm deep in the
plasma, to about 10 kHz at the Last Closed Flux Surface.
The former frequency agrees well with the reflectometry

(d
)

(c)

(a)

Figure 1. Results of GAM measurements in
TEXTOR with the Li-beam diagnostic. (Shot
107242, Ip=350kA, Bt=2.25T, <ne>=2
(a) GAM frequency and (b) relative velocity
modulation amplitude distribution at the plasma
edge. The approximate LCFS position is shown
by the vertical dashed line.
The radial coordinates are relative to the centre
of the vessel.( c)-(e): Autopower spectra of time
delay signals calculated from single point Libeam measurements with the ACFM technique at
three radial locations.

(e)

(b)
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ANALYSIS OF CORE PLASMA MICRO-TURBULENCE AND
ELMS IN MAST AND COMPARISON WITH THEORY

STUDY OF EDGE TURBULENCE ON ASDEX UPGRADE
G. Veres

D. Dunai, S. Zoletnik

KFKI-RMKI

KFKI-RMKI

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

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

The aim of this research was to complete an allround investigation of the capabilities of a four-channel
fluctuation diagnostic system installed on the ASDEX
Upgrade tokamak.

In 2009 finally the SW beam on MAST operated at
full power which resulted in good BES signals in our trial
8-channel BES system. This diagnostic is using “leftover”
light behind the grating of the CX system. Unfortunately
it turned out that when the SS beam is also operating
some edge fibers of the CX optics collect strong light
intensity, which is back reflected from the BES filter into
the CX detector, disturbing its measurement. Due to this
problem the BES system had to be blinded in most of the
time.

The system consists of four photomultipliers that
look at four different radial positions at the light emitted
by the atoms of the Li-beam diagnostic. The sampling
frequency of the signals was 1 MHz which enabled the
study of fluctuations of the plasma parameters (mostly in
the plasma density) that have a typical lifetime of a few
microseconds.

An experimental proposal was submitted to study
the ELM precursors in Double Null Divertor (DND)
configuration. In 2008 interesting “finger-like” structures
were observed in SND discharges which penetrated into
the SOL and presumably touched some material surfaces
resulting in impurity injection into the plasma. As Single
Null Divertor (SND) discharges showed irregular ELMs
and ELMs in DND were studied in more detail by other
diagnostics it was proposed to repeat the measurements in
DND. This was attempted in two campaigns with little
success. In DND configuration the separatrix is located at
a larger major radius at the equatorial plane, therefore all
BES channels measured inside it. (In the SND discharges
2-3 channels viewed outside the separatrix.) An attempt
was made to develop a more thin discharge but this
resulted in loss of control. In some DND discharges
ELMs were observed during which the BES channels
showed similar behavior than the inner channels in SND
discharges, therefore it is expected that similar
phenomena do exist in DND configuration, but at present
the diagnostic limitations do not allow their study. In
2011, after installation of the new 2D BES system with its
own optics, these measurements will be repeated.

We have analyzed the PDF and the power spectra
of fluctuation signals recorded during different plasma
scenarios. The main focus was on the comparison of these
characteristics during L- and H- mode plasma discharges.
The outcome of these investigations was that
detectable photon levels are too low to convincingly
distinguish turbulent structures arising from the plasma
and only the photonic noise overwhelming the detected
signals could be seen.
Based on these findings, the design and installation
of a new, high light gain in-vessel optic was decided that
will enable the detection of photons with an increased S/N
ratio.
EDGE TURBULENCE MEASUREMENTS ON JET
S. Zoletnik, D. Dunai
KFKI-RMKI
Collaboration: CCFE
Contact E-mail:zoletnik@rmki.kfki.hu

Although the signal of the BES system with the
new SW beam was about twice higher than with the old
beam the signal statistics still prevented detection and
study of core turbulence in MAST. This task will also
have to be performed with the new BES system, where
the Signal to Noise ratio is expected in the 100-300 range
in contrast to 5-20 in the present system. Due to the lack
of data comparison with theory could not be performed.

Edge plasma turbulence measurements were done on the
JET Li-beam diagnostic with the 4 fast detectors installed
in 2008. Only a few optical channels of the Li-beam
system could be used, as most of the optical cables are
used in the density profile measurements. Nevertheless,
the turbulence signal was clearly found and the poloidal
movement of the structures could be detected by crosscorrelating two measurement channels looking at the
beam with 1cm poloidal offset but otherwise at the same
radial position. This offers the possibility of poloidal flow
measurements using the Li-beam diagnostics.
In 2009 a new beam chopper device was also installed.
Unfortunately due to cabling problems the unit could not
be installed close to the beam, only in the HV enclosure,
therefore it still drives 100m coaxial cable. This limits the
operation frequency to a few kHz, but nevertheless beam
6

chopping and this frequency cold be demonstrated with
the 4 fast detectors installed in the year before.

The results in 2009 give a good foundation for making a
proposal for a full fast measurement system for the JET
Li-beam.

(a)
(c)

(b)

Figure 2. (a) Autocovariance functions of beam light fluctuation measured in the four fast detector channels at different depth inside the
calculated position of the separatrix. (b) Poloidal propagation of MHD mode and turbulence observed from the shjft of the
crosscorrelation function of poloidally offset fast channels at the same radial position. (shot 79056) (c) Layout of optical fibres looking
at the Li-beam.

As the key diagnostic element for disruption
mitigation studies on the TCV tokamak, the AXUV
tomographical system is under upgrade and it was not
available in the 2009 campaigns preliminary studies were
done to test the other essential diagnostic systems and get
a rough picture from the processes.

STUDY OF ELMS AND OTHER TRANSIENT PHENOMENA
ON TCV
G. Veres, B. Tál
KFKI-RMKI

The timeline of a gas initiated disruption can be
seen in Figure 3. According to the measured signals the
disruption can be divided into different stages: the first is
marked with yellow, the second is marked with green and
the final is marked by purple. They have not been
characterized yet but they may refer to the traditionally
defined periods of the disruptions.

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

Study the plasma manipulation capabilities of the fast
gas jet

We came to the conclusion that the diagnostic
system of TCV would be convenient to give significant
information to the gas penetration physics: the SXR and
Mirnov system has the ability to detect the MHD
processes, the fast camera can monitorize the visible
radiation with sufficient temporal and spatial resolution
and according to the AXUV prototype cameras the
AXUV tomographical system will be able to follow the

A multi-purpose gas injection system was installed
and commissioned in 2008. The system can inject 4 types
of gas, which amount is comparable to the plasma
content. The gas beam arrival time is about 5 ms in
average and the beam has a very sharp rising edge,
therefore it is suitable for disruption mitigation studies.
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plasma radiation which is the indicator of the gas
location.

Although the intensity was a bit higher in the exact
snowflake case main differences were not demonstrated
in the radiation profiles. According to the low detected
radiation values near the strike points and the visible
camera data total detachment was supposed which was
the natural consequence of the plasma parameters of these
shots (high density, low input power).
The investigation of radiation properties of
snowflake plasmas having higher energy content and in
H-mode is ongoing.

Figure 3. Plasma parameters during a gas initiated disruption (from top
to bottom): gas injection monitoring signals, plasma current, soft X-ray
camera signals, AXUV prototype camera signals, fast visible camera
pictures. Small pictures on the right depict the spatial location of the
multichannel diagnostics.

Snowflake diverted plasmas

Figure 4. Tomographic reconstruction of plasma radiation during exact
snowflake (middle) and snowflake-like plasmas (left and right). The flux
surfaces are also depicted.

The heat loads coming to the plasma facing
components are higher than the tolerable limits of the
divertor plates in the planned ITER scenarios. Therefore
new divertor concepts are under consideration all over the
world. One of these concepts called snowflake was
created in the TCV tokamak.

ANALYSIS OF SAWTOOTH PRECURSORS ON ASDEX
UPGRADE
G. Papp, G. Pokol, G. Pór, A. Magyarkuti, N. Lazányi

In the snowflake divertor not only the first
derivatives of the poloidal magnetic field vanish near the
null point but the second derivatives, too. This modified
magnetic topology leads to different SOL properties
(higher flux expansion, longer connection length and
higher magnetic shear) and edge properties (higher
pedestal). The basic idea for the creation of this kind of
configuration was to exploit the effect of the longer
connection length: it was supposed that because of the
longer connection length the unconfined plasma particles
radiated huger part of their energy and therefore
conducted smaller part which leaded to smaller heat
loads.

BME-NTI
Collaboration: IPP-Garching
Contact E-mail: papp@reak.bme.hu
Recent analysis of the sawtooth crashes in ASDEX
Upgrade (AUG) tokamak suggests that stochastization of
the magnetic field occurs during the crash. According to
chaos theory, a possible cause for the transition from
quasi-periodicity to chaos is the interaction of two signal
components with an irrational frequency ratio. The
energetically most favorable ratio is the conjugate golden

The first aim was to demonstrate the formation of
this topology in TCV. Other important question was what
the necessary conditions are for the formation of this
configuration. This was investigated with more
diagnostics of which RMKI operated the AXUV
tomographical system.

mean: G = ( 5 − 1) / 2 ≈ 0.618 . The appearance of these
two components with the given G frequency ratio and
indications of their possible interaction has been observed
in different shots on AUG. One of the two components is
the well-known sawtooth precursor (m,n)=(1,1) internal
kink mode. The other one, which appears at lower
frequency in the spectrum, has a yet unknown origin. We
name this component as the Low Frequency Sawtooth
Precursor (LFSP).

A typical radiation profile reconstructed from
AXUV signals can be seen in Figure 3. in case of exact
snowflake (Figure 4. middle) and snowflake-like
configurations (Figure 4. left and right).

We could determine the frequencies of the modes
as a function of time by using an instantaneous frequency

During these L-mode shots the radiation peaked in
the X-point vicinity in all the three configurations.

8

following algorithm, applied to the Short Time Fourier
Transform (STFT) spectrogram of the signals. The
frequency ratio – within the uncertainty of the
measurements – appears to be close to G in all cases.
After investigating about a hundred collapses from
different shots, we concluded that the sawtooth collapse
appears a few milliseconds after the energy gain of the
LFSP in all investigated discharges. The average growth
rate of the LFSP before the crash is ~800 1/s, calculated
from exponential fits. An example is shown on Figure 5.

Figure 5. Bandpower of the LFSP before the sawtooth crash. The
average growth rate is ~800 1/s.
Figure 6. Bandpower correlations for different sawtooth groups
(horizontal) and positions (vertical). The spatial behavior is systematic.
Colors code the different behaviors; red lines mark the inversion radius.

To investigate the possible statistical connections
between the LFSP and the (1,1) modes in the precursor
phase, we used the bandpower-correlation method. We
can conclude from our results that the correlation of the
(1,1) mode and the LFSP is systematic, the time lag of
-1 ms agrees for each case within the uncertainty of the
measurements. This shows a clear connection between the
two modes in the precursor phase, the power of the LFSP
increases just before the crash. The correlation functions
show a clear spatial behavior. The spatial dependence of
the correlation functions gives a rough estimate for the
spatial localization of the LFSP extending just outside the
q=1 surface. An example is shown on Figure 6.

ANALYSIS OF ELM TRIGGERING WITH PELLET INJECTION
G. Kocsis, T. Szepesi
KFKI-RMKI
Collaboration: IPP-Garching
Contact E-mail:szepesi@rmki.kfki.hu

Investigation of low-field-side pellet injection at
ASDEX Upgrade
At ASDEX Upgrade tokamak the “Blower-gun”
pellet injector can deliver cryogenic deuterium pellets to
be injected from the magnetic low-field-side (LFS) of the
torus. In order to minimize the unwanted fuelling at pellet
ELM pace making the Blower-gun has been recently
modified to produce 1 mm diameter cylindrical pellets.
The injector was characterized and tested with the new
pellet size. Unfortunately the pellet delivery efficiency
was not higher than 20-50% (see Figure 7.), which could
only be improved up to 60% by fine-tuning the injector
parameters. Further improvement could not be achieved,
and it became obvious that better performance cannot be
expected without significant hardware modifications.
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However, experiments with the Blower-gun are
not expected in the near future: as the technical
difficulties limiting pellet speed and injector reliability
could not be overcome in the last three years, it has been
decided that the Blower-gun must be withdrawn from the
AUG torus hall into the pellet laboratory. The
development of the Blower-gun was put on the third place
on the priority list, the first being the modernization of the
centrifuge injector, followed by the installation of a room
temperature solid state impurity pellet injector.

Figure 7. Pellet injection with Blower-gun into AUG plasma discharge
#25831. Very low delivery efficiency.

Using the Blower-gun under the conditions
detailed above, low-field-side pellet injection experiments
were conducted. The pellets provided by the Blower-gun
were observed to be very slow (max. 100-150 m/s). These
slow and small pellets have almost negligible penetration
into the confined plasma, and can hardly be detected by
video cameras. Useful camera images show that pellets
are immediately deflected to follow magnetic field lines
after entering the plasma, thereby inhibiting deeper
penetration in H-mode discharges. However, in L-mode
phases with low temperature, a reasonable pellet
penetration can still be achieved. This is illustrated on
Figure 8., showing pellets injected in the ramp-down
phase of discharge #25831.

STUDYING OF PELLET ABLATION: A DATABASE FOR
PELLET CLOUD DISTRIBUTION ON ASDEX UPGRADE
G. Cseh, S. Kálvin, G. Kocsis, T. Szepesi
KFKI-RMKI
Collaboration: IPP-Garching
Contact E-mail: kocsis@rmki.kfki.hu
Understanding the ablation process of cryogenic
Deuterium (D) pellet in a plasma is of great importance.
The pellet-plasma interaction already settles the
effectiveness for application in plasma fuelling and edge
control. Fast framing cameras’ short exposure (in the
order of µs) images of the radiating cloud formed around
the ablating pellet were recorded, collected and analyzed
for this investigation. For every image, the spatial
distribution of the visible radiation was determined.
Based on this two dimensional information a database
was created. It stores parameters characterizing the cloud,
pellet parameters and local plasma parameters. Our
analysis aims to reveal if and how pellet cloud shape and
radiation distribution depend on different parameters.
For the measurements the centrifuge pellet injector
of the ASDEX Upgrade was used. The pellet injection
was made from the magnetic High Field Side. The
available pellet velocities at this injector system are in the
240-1000 m/s range with the following pellet sizes: 1.77,
2.87, and 4.35 x1020 Deuterium atoms.

Figure 8. Penetration depth of pellets produced by the Blower-gun in the
cold ramp-down phase o fan AUG discharge. One image contains
several trajectories, corresponding to multiple small pellets / fragments.

The ELM-triggering potential of these shallow
penetrating pellets is around the critical level – many
pellets do not trigger ELMs, whereas other pellets in the
same discharge can clearly be associated with emerging
ELMs. The key pellet properties necessary for the ELMtrigger are yet to be identified.

Figure 9. ASDEX Upgrade experimental set-up and the schematic
method of processing.
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On the ASDEX Upgrade tokamak the fast framing
pellet observation system consists of several PCO
cameras observing the pellet cloud radiation with good
spatio-temporal resolution. The cameras used in this
investigation have a radial view to the pellet injection
plane (see Figure 9.). They worked in a multiple short
exposure mode in which the cameras made exposure for a
few (typically 1-2, 10-20) µs, then waited about 100 µs,
and then made exposure again. Three cameras were used
in this investigation; all three have configurable exposure
and waiting time. There are many expositions on one
image – it results in stroboscope-like recordings (see
Figure 9. top right corner – every little white “patch” is a
picture from a pellet cloud). When processed, all clouds
were separated from each other and several parameters
were calculated for every single cloud.

Type two: Also a “cigar” shape, but it has two
radiation maxima. These radiation maxima are
geometrically symmetrical, but in brightness they can be
either symmetrical (they have the same brightness
maximum), or asymmetrical.
Type three: This cloud type has two “cigar”
shapes, each with one radiation maximum. At this type
there are many variations; the size and brightness of the
parts can be different.
Type four: This cloud type has two “cigar” shapes,
the upper one with two, and the lower one with one
radiation maximum. The brightness and size values are
varying here too, but the geometry of the cloud is the
same every time.

After the processing the calculated and collected
data were arranged to a structured database form. In this
database the separated cloud images are stored (among
other things). From these pictures, the main cloud types
were determined. Six different types of clouds were found
(not counting the unclassified category) based on an
empirical grouping. The main determined values for one
cloud - beside its type - are the brightness distribution
along the designated pellet trajectory and along the
magnetic field line crossing the maximum brightness
point of the cloud, the FWHM-values for both
distributions and the electron temperature at the section
point of the designated pellet path and the magnetic field
line (see Figure 10.).

Figure 10. The main determined values at one cloud (besides its
position).

Figure 11. Cloud types from 1 to 6. Count starts from the top. This
figure shows the images and schematics of the radiation distribution.

It is worth to notice, that in these pictures the
magnetic field line is not always parallel to the cloud
elongation direction. The reason of this is yet unknown.

Type five: This type is similar to the type four
clouds, only this time the upper “cigar” has one radiation
maximum and the lower “cigar” has two radiation
maxima.

Short description of the observed cloud types is
shown below. The size of the bright patches is varying,
but there are some common properties, from which the
classification can be made (see Figure 11.).

Type six: Type six clouds have two “cigar” shapes,
but four maxima, two at the upper, and two at the lower
“cigar”.

Type one: This is the classic “cigar” shape cloud
with one radiation maximum.

The database contains not only the 2D cloud
radiation distribution but also other parameters which can
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operator is necessary for dealing with particles for which
the evolution should be followed in a wide energy range.

be relevant studying the pellet ablation. These are the
cloud position parameters; parameters describing the
cloud shape (e.g. the moments of the brightness
distribution along the pellet trajectory or along the
magnetic field line); plasma parameters (e.g. electron
temperature, heating scenario); and the group, which
contains local and global information about the pellet,
which formed the actual cloud (e.g. pellet speed and
initial volume; the ablation rate and the pellet size
calculated by NGS model along the whole designated
pellet trajectory and at the actual location of the pellet).
Recently the database is filled with the above data
for about 150 pellet cloud images and our future plan is to
investigate the parameter dependency of the cloud
distribution both parallel and perpendicular to the
magnetic field lines and also the time evolution of the
pellet cloud distribution.

Figure 12. The DED coil system on TEXTOR

In order to benchmark the code, we first compared
our results with a device which had shown runaway
suppression experimentally. We used a TEXTOR-like
equilibrium, with major radius R0=1.8 m, minor radius
a=0.46 m, on-axis toroidal magnetic field BT=2.25 T and
plasma current Ip=320 kA. The plasma parameter profiles
were similar to typical TEXTOR profiles. The
unperturbed magnetic equilibrium was calculated by
VMEC using these parameters and the actual TEXTOR
coils. The magnetic field perturbations are modeled to be
like the ones produced by Dynamic Ergodic Divertor
(DED) coils at TEXTOR, see Figure 12..

RUNAWAY ELECTRON LOSSES DUE TO RESONANT
MAGNETIC PERTURBATIONS

G. Papp, G. Pokol
BME-NTI
Collaboration: Chalmers, IPP-Garching
Contact E-mail: papp@reak.bme.hu

The perturbation that the DED coil set generates
can be represented by a spatial Fourier composition.
Those in spatial resonance with the magnetic structure
have the largest effect. For the work presented here, the
DED coils operated so as to impose a two-period
stellarator symmetry on the magnetic field structure.
Hence, the formation of magnetic islands with n=2
toroidal mode number is the most favored. On the plasma
edge, due to the steep q profile, the overlapping of islands
generates a large ergodic zone, thus enhancing radial
transport and runaway electron losses. Generation of
islands with up to m=6 poloidal mode number can be
observed on the Poincaré plots (Figure 13.). In the
calculations the plasma shielding is neglected, because
this effect is expected to be small in cold post-disruption
plasmas.

One of the most critical problems facing ITER and
similar machines is the occurrence of plasma-terminating
disruptions. During the disruptions, the swift cooling of
the plasma leads to runaway electron generation.
Eventually, a beam of runaways can form, which has a
potential to damage machine parts. The severity of the
problem scales with the size of the device, and in reactorsized tokamaks, it is desirable to suppress the runaway
beam. One possible intervention method is to degrade the
magnetic confinement using resonant magnetic
perturbations (RMP), thus enhancing the primary
runaway losses to avoid avalanche generation. The
efficiency of the concept has been experimentally proven
on a number of devices, for example JT-60 and TEXTOR.
In order to be able to design such suppression tools for
forthcoming tokamaks, an extended knowledge is needed
about the mechanism of the RMP. Since the problem
cannot be handled analytically, in 2009 we started to use
3D numerical modeling for that purpose.
The calculations were carried out with the ANTS
(plasmA simulatioN with drifT and collisionS) code. The
code solves the relativistic, gyro-averaged drift equations
for the runaway electrons in 3D fields and takes into
account collisions with background (Maxwellian) particle
distributions, using a full-f Monte Carlo approach. For the
purposes of this work, the ANTS code has been extended
to include synchrotron radiation. The correction is based
on the Abraham-Lorentz force acting on a charged
particle emitting radiation. The results agree with the rate
of change of momentum and pitch-angle given in the limit
of small Larmor radius. A collision operator, which is
valid for both low (thermal) and high (relativistic)
energies, has also been derived and implemented. Such an

Figure 13. Magnetic structure with IDED = 6 kA. Large ergodic zone
forms at the edge of the machine, marked with red.
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The effect of the DED on runaway electrons
cannot be fully understood with just studying the change
in the magnetic structure, the particles have to be
followed. A significant difference between the cases with
and without perturbation is the rate and the onset time of
the losses: in the perturbed cases losses start earlier than
in the unperturbed case. The onset time depends more
sensitively on the DED current than the loss rate. Our
simulations indicate that the application of the RMP
causes a significant decrease of the runaway population.
These results show good qualitative agreement with
experimental observations.
SIMULATION OF RUNAWAY ELECTRON GENERATION
DURING PLASMA SHUTDOWN BY IMPURITY INJECTION
K. Gál
KFKI-RMKI
Collaboration: Chalmers University Sweden, IPPGreifswald, Germany
Contact E-mail:gal@rmki.kfki.hu
During tokamak disruptions or disruption
mitigation attempts runaway electrons can be generated.
As the temperature drops in the cooling plasma, the
electric field rises trying to keep the current constant.
When the field is higher then the critical field, a
population of electrons will experience constant
acceleration, until they reach relativistic speed. These socalled runaway electrons (REs) can form high energy
beams that can seriously damage the device upon impact.
Runaway electrons can be produced by different
mechanisms such as the Dreicer or the hot tail generation
and can be further amplified by the avalanche mechanism.
Runaways can be also lost for example by diffusion due
to magnetic perturbation. The runaway code was
numerically updated to calculate the number of hot tail
runway electrons for any temperature profile evolution
and diffusive runaway losses were also included.

Figure 14. Time evolution of currents for simulation with 90% argon:
(top) Hot tail runaway current (magnified with 100 for better visibility),
total runaway current and total plasma current without runaway losses,
(right) total current and runaway current with runaway losses due to
magnetic perturbation (dB/B=4*10^-4)

STABILITY ANALYSIS OF PELLET CLOUDS
G. Molnár, K. Gál
KFKI-RMKI
Collaboration: IPP-Garching
Contact E-mail:molnarg@rmki.kfki.hu

Disruption mitigation scenarios for an ITER-like
plasma were studied, aiming to avoid runaway
production. Injection of neon and argon impurities was
tested with different impurity concentration. At large
impurity content runaways produced by the Dreicer
mechanism can be suppressed. However, when the
impurity content is as high as the plasma particle content,
the thermal quench time is very short and runaways are
produced by the hot-tail mechanism. A mixture of
deuterium and argon or neon impurities could be used to
avoid both Dreicer and hot-tail runaway generation.
Diffusion induced by magnetic perturbation can also
suppress runaway generation.

The interaction of pellets with the hot plasma
results in a large variety of phenomena, for example the
ionized cloud surrounding the pellet might become
unstable and change the ablation rate. This is caused by
Kruskal–Schwarzschild instability resulting - for certain
background plasma and pellet parameters - systematic
peaks, in the ablation rate and light, the so called
striations.
We
analyzed
the
Kruskal–Schwarzschild
instability of a pellet ablation cloud in a perturbative way.
This model is an extended form of Parks’ model including
an extra outflow current from the cloud to the background
plasma reducing the inner currents of the blob and taking
into account the electrostatic double shielding effect.
Analyzing the first order perturbation of a stationary
cloud we have got a parameter map with stable and
unstable regions as a function of the length and
temperature of the cloud in case of given background
plasma parameters. The imaginary and real parts of the
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frequency representing the stable and unstable phases of
the cloud are shown in Figure 15. Estimating the first
order growing rate that is responsible for the cloud
movement and formation we constructed the first order
perturbed density distribution of the cloud.

PELLET ABLATION STUDIES AT JET
K. Gál, E. Belonohy
KFKI-RMKI
Collaboration: JET, UKEAE, IPP-Garching, Germany
Contact E-mail:gal@rmki.kfki.hu
During the last campaigns the new JET pellet
injector was in use allowing the injection of large
deuterium pellets in different plasmas. Although the
original aims of the experiments were not achieved
because of technical limitations, experiments to build a
pellet database at JET are now available.
A routine package was developed to collect the
available pellet data for the database and to analyze its
scaling properties. On the other hand first attempts to
simulate pellet penetration depth in JET were also
performed to supporting scenario development. A routine
set collecting the data necessary for the pellet simulations
was written in IDL too. However, further improvement of
all these routines should be done and the experimental
results are planed to be compared with the simulated
ones.

Figure 15. A scan plot of real- and imaginary parts of the complex
frequency. The lines correspond to constant cloud temperatures T_e (10200eV, from the top to the bottom) meanwhile the omega_0 rotational
frequency is sweeping the 0-3\cdot 10^5Hz region. Stable states of the
cloud are corresponding to the positive imaginary frequencies.

Figure 16. The electron temperature profile along the pellet path and
the according ablation rate for a JET discharge.
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DEVELOPMENT OF PLASMA AUXILIARY
SYSTEMS

BES AND ABP FOR THE REINSTALLED COMPASS
TOKAMAK IN PRAGUE
G. Anda1, A. Bencze1, E. Dunai1, G. Veres1,
S. Zoletnik1, D. Nagy1, M. Berta2
1

KFKI-RMKI
2

Figure 18. The COMPASS BES system.

SZE

The beam arrangement can be seen on Figure 18.
The vacuum and high voltage tests are already done in the
laboratory of KFKI RMKI, the neutralizer has to still to
be tested

Collaboration: IPP-Prague
Contact E-mail:andag@rmki.kfki.hu
Energetic Li atom beams are routinely used to
measure various parameters of magnetically confined
fusion plasmas. The energy of these beams is typically
35-60 keV, which provides 10-20 cm penetration into the
plasma. In the plasma the Li atoms are excited and the
excited states decay with the emission of a photon of
characteristic wavelength (λ = 670.8nm). Observing the
intensity and the fluctuations of this Li resonance line
along the beam, it is possible to reconstruct the density
profile and the 2 dimensional correlation of the electron
density fluctuation.

The observation system will be separated into two
parts. The slow measurement (~100 ms) with a CCD
camera will be located at the middle part of the upper
observation port.

Figure 19. Sketch of the CCD observation system.

The fast (~10 µs ) observation system using 20
APD detectors will be at the outer part of the bottom
observation port.

Figure 17. The Quasi-2D BES diagnostic tool.

The Atomic Beam Probe (ABP) will be an
extension of the original BES system via collection of
ions stemming from beam ionization in the plasma. From
the toroidal deviation of the ion beam the edge plasma
current distribution will be calculated. A test detector has
been made with different collector electrode sizes to
measure the background noise level in COMPASS. The
test detector was installed into the tokamak the end of
2009. Test measurements were done using fast ADC
channels the beginning of 2010. No background noise
was detected, but because of bad plasma conditions (low
plasma density and temperature) the background light
intensity is still not comparable to the expected value.

Using a pair of deflection plates the beam can be
either chopped or poloidally deflected. The switching
frequency of this system can be increased up to a few
hundred kHz. Scanning the beam poloidally it is possible
to achieve a quasi two-dimensional measurement.
Additionally poloidal flow velocity can be measured with
this technique.
The parameters of the BES system planned for
COMPASS:
•
•
•
•
•
•

up to 120 keV beam energy
Li or Na source
1.5-2 cm beam diameter
~5 mA beam current
~10µs time resolution
fast poloidal beam scanning for 2D density
fluctuation measurement up to 400 kHz
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By the end of year 2009, all of the parts are
manufactured and first test concluded. However some
additional parts will be added in 2010. The vacuum
vessel, in which the tests of IVO will be done, was also
manufactured, but it requires some repair to its flanges,
because of knife edge profile problems.
The optical performance of the whole system was
checked in Budapest by colleagues from MAST: Anthony
Field and Rob Gaffka (from CCFE). Its image, which was
a result of lighting back from the detector plane with a
mask, was sharper than expected and was stable to minor
misalignments. At this stage, the drives for the first mirror
and shutter were not available.

Figure 20. CATIA model of the installed ABP test detector.

The operations of the IVO, the rotation drive of the
first mirror and the shutter, were successfully
demonstrated in the end of 2009, however, in atmospheric
conditions only. The testing in vacuum and modifications,
if required, will be the program of the first quarter next
year.

DEVELOPMENT OF BEAM EMISSION SPECTROSCOPY
(BES) DIAGNOSTIC SYSTEM FOR EDGE PROFILE AND
FLUCTUATION MEASUREMENT ON MAST
D. Dunai, I. G. Kiss, T. Krizsanóczi, B. Mészáros,
S. Zoletnik

The EVO (see Figure 22.) has also been tested and
some minor modification needs were identified. The main
challenge in this part was to mount its large lenses
(diameter 170 mm), and ensure rotational drives to the
main optical components needed to compensate for image
rotation when looking at different major radii in the
tokamak.

KFKI-RMKI
Collaboration: CCFE, Culham Science. Centre
Contact E-mail:kiss@rmki.kfki.hu
A trial 8-channel Beam Emission Spectroscopy
(BES) diagnostic has been successfully operated on
MAST in the past years for turbulence and ELM
measurements. This diagnostic collects light form the
Southwest (SW) heating beam. It uses the collecting
optics of the MAST CXRS system.
Based on the results of this diagnostic, a dedicated
BES system was designed, built and underwent testing at
KFKI-RMKI. This diagnostic has received EFDA
preferential support as it is expected to provide important
data for long-range correlations and poloidal flows in
plasma turbulence.
This new system consists of two main parts: the invessel optics (IVO) and the ex-vessel optics (EVO). The
drive units for the first mirror and for the shutter are also
considered as parts of the IVO (see Figure 21.).

Figure 22. The EVO base plate (without its cover) in a section view
including the APDCAM (under development).

TEST OF NEW DIAGNOSTIC CONCEPT: FAST ION DALPHA WITH PELLET (FIDAP) ON ASDEX UPGRADE
AND/OR MAST
S. Zoletnik, D. Dunai, G. Kocsis
KFKI-RMKI
IVO

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

EVO

A new concept for fast ion measurement was
worked out in 2008. It is based on the Fast Ion D-Alpha
(FIDA) technique where the strongly Doppler shifted Dalpha radiation of the fast neutrals is detected. These
neutrals are generated by Charge-Exchange (CX) of fast
ions on a heating neutral beam. In the FIDAP concept CX
on a pellet cloud is intended to be used. As the density of

Figure 21. The 3-D CATIA model of the MAST BES system showing the
separation between IVO and EVO (the red dashed line represents the
vacuum boundary).

The project has suffered a delay, in this way it is
expected to be delivered to CCFE in April, 2010. The
installation into MAST is expected in late May, 2010.
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the cloud is much higher than the neutral beam much
stronger neutralization is achieved and the radiation is
expected to be more intense than in FIDA. However, the
exact conditions inside the pellet cloud are not known and
therefore there is some uncertainty whether the fast
neutral signal can be separated from Bremsstrahlung and
unshifted D-alpha light of the pellet cloud.
In 2009 special interference filters were designed
and purchased. One aims at detecting the fast neutral
signal (647nm), another one the Bremsstrahlung some nm
further offset (652.4nm) from the D-alpha wavelength.
These were tried in a campaign on MAST by installing
them on a fast camera and injecting pellets. The radiation
of the pellet cloud could be detected, but the signal level
measured with the two filters proved to be identical. This
shows that separation from the pellet cloud unshifted Dalpha radiation was successful, but points to the
possibility that the radiation is dominated by
Bremsstrahlung. Some difference in the cloud shape was
found but it is not clear whether it is due to different
plasma conditions or not. Due to this uncertainty the
experiments are not planned to be continued on MAST.

Figure 24. Bolometer assembly.

Figure 25. Equivalent stress distribution on the bolometer foil [MPa].

Figure 23. Images of pellet clouds in the plasma with double
647 nm filter (left) and double 652.4 nm filter (right). The
exposure time is 67 microsecond. The pellet travels from the
top to the bottom, the magnetic field is approximately.
horizontal.

THERMAL ANALYSIS OF ITER BOLOMETER CAMERAS
G. Grunda

Figure 26. Total deformation of the bolometer foil [m].

KFKI-RMKI
The calculation results show that the evolving
stresses produced by differential thermal expansion
between the bolted parts could be reduced by appropriate
selection of pairs of materials in a way to match better
their thermal expansion coefficients. Another stress
reducer solution is the use of round holes on the detector
chip.

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

Thermal analysis of bolometer camera detector
The FEA investigation of the detector chip which
broke down during irradiation testing was continued in
2009. The finite element model was improved. Several
analyses were performed of the different geometrical and
material configurations of the bolometer detector.

DEVELOPMENTS OF THE RENATE SIMULATION CODE
G. Pokol, D. Refy, D. Guszejnov
BME-NTI
Contact E-mail: pokol@reak.bme.hu
The RENATE BES simulation code is capable of
modeling the light emission of an alkali neutral beam
(light profiles) inserted into a magnetically confined
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plasma, and the photon current on the detectors by the
simulation of the viewing optical system. In 2009, the
finite beam width correction feature was finalized and the
results were published in RSI. Furthermore, the supported
beam types were extended, sodium (Na) was added. It
was necessary, because the design of the new BES system
on COMPASS tokamak, which allows the use of Na, was
supported by RENATE simulation. The other purpose of
the simulation was to explore the effect of different
geometrical arrangements and to parameterize the
viewing optical system.

The number of the detected photons is calculated
through the modeling of the observation and the detector
system. In 2009, the simulation has been equipped with a
new observation module, which takes the real optical
system into account, through the so called transmission
matrix. For the TEXTOR detector system, it was
calculated through the simulation of the blur effect of the
observation, based on the ZeMax model. Accordingly, the
realistic, 3D simulation of the observation is available for
TEXTOR Li-BES, and can be implemented for any
detector system for which the ZeMax model is accessible.

Figure 27. Determination of optimum observation range and number of
APD detectors, based on simulated light profiles on COMPASS.
Figure 30. Poloidal cut of the transmission matrix and the normalized
light profile over the cut of the TEXTOR vacuum chamber.

Figure 31. Equatorial cut of the transmission matrix for each detector at
TEXTOR.

DEVELOPMENTS IN ITER CORE CXRS DIAGNOSTICS

Figure 28. Effect of the observation geometry on signal to noise ratio on
COMPASS.

An EFDA task - TW6-TPDS-DIADES - on
ITER-CXRS under the direction of FZJ ended in 2008.
The collaboration continues between KFKI-RMKI and
FZJ, ITER-NL, CCFE, which intends to cover the period
before the signing of the F4E ITER CXRS Collaboration
Agreement. Hungarian laboratories contribute in two
fields: the engineering design and simulation of the first
mirror holding structure (so-called retractable tube) and
testing the concept of a fast Beam Emission Spectroscopy
measurement.

Figure 29. Comparison of the possible installation configurations on
COMPASS.
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The retractable tube has to allow the replacement
of any component in case of a refurbishment. For this
reason a technological hatch will be needed on the front
part. It has an additional cooling loop, which is connected
to the front part.

RETRACTABLE TUBE FOR ITER CORE CXRS
T. Baross1, V. Szabó2
1

KFKI-RMKI
2

BME-MM

Front part

Collaboration: FZJ, ITER-NL, CCFE
Contact E-mail: baross@rmki.kfki.hu
Technological hatch

CXRS diagnostics views the Diagnostic Neutral
Beam from the Upper Port 3 in ITER. The diagnostics
contains an optical labyrinth with direct line of sight from
plasma. According to the present estimations the first
mirror lifetime is unacceptably low.

Figure 34. Front part and the technological hatch.

Cooling layout
The longitudinal and the side drilled holes serve as
cooling channels. Since the longitudinal holes are longer
than 2 [m], it can have manufacturing limitations as well.
To cover the side drilled holes many welded caps are
needed.

To allow the replacements of first mirror and other
components such as shutter and calibration lamp, a
retractable tube is being developed.
Design assumptions of the retractable tube

Welded caps

Highly complex tube geometry is present at the
head section. This geometry is the result of many
different types of constraints: it holds the vulnerable
components, geometrical constraints and by Blanket
Shield Module, light beam path and it also has to be fixed
to the cassette close to the head section. The tube position
and environment can be seen on Figure 32. and Figure
33. show the side view of the tube.

Longitudinal holes

Figure 35. Cooling layout near to the head section.

During the development the design considerations
were the following:
•
•
•

With this method, it is still problematic to reach a
proper cooling at the head section with a complex
geometry.

the front part of the tube has to be milled from
one piece,
avoid many welded edges at the head section
– near to the first wall, and
cooling channels shall be drilled inside the
structure walls.

Thermal analysis
A thermal analysis was prepared to verify the
efficiency of the tube cooling. The most critical section is
the point nearest to the first wall, where
•

the maximum heat generation rates are in steel
2.4945 [W/cm3] and in water 0.6 [W/cm3].

After this section exponentially decreasing heat
generation rates were applied. In the present model the
cooling water was set to 150 [°C].

Figure 32. The head of Upper Port 3.

Figure 33. Extent of the retractable tube.

Figure 36. Temperature distribution along the tube axis.
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(BES) measurement using the Core and Edge CXRS front
optics viewing the diagnostic neutral beam (DNB).
The study was based on the simulation of BES and
background spectra using the SimulationOfSpectra
package developed by Manfred von Hellermann.
Calculations aiming at the estimation of the expected
signal to noise ratio (SNR) are presented in Figure 39.
Spectra were assumed to be filtered by conventional
interference filters optimized for each channel, and
integrated to get the detected intensity for given observed
beam area. SNR was calculated using the characteristics
of a real APD detector at 1 MHz bandwidth. Spatial
resolution was calculated from the observed beam area
and the angle between line of sight, DNB and magnetic
field lines for beam width of 200 mm.

Figure 37. Stress distribution at the head section.

The results show, that the interesting region is the
first third of the tube. The most critical regions are the
welded edges around the caps, which separate the water
flow from the vacuum. In this region the stresses were
above the yield strength of the material.

It has been concluded that measurement of MHD
modes would be possible in the radial region of
0.3<r/a<0.8 with SNR>10 using the Core CXRS
periscope. For 0.8<r/a even 2D ITG turbulence
measurements seemed to be feasible using the Edge
CXRS periscope.

Tube support
The tube position is parallel with the Port Plug, so
it stands at an angle of 11 degrees compared to the
horizontal. The support has to permit the thermal
elongation of the tube in axial direction. See Figure 38.
The support point B is a critical point, where a
compensatory element is needed to permit the elongation.
Furthermore at point A the tube has to fix the first mirror
in a right position, and tolerate any additional
electromagnetic forces.

Figure 38. The support system.

The future engineering tasks will involve fluid
simulations of coolant, a more detailed design of a
compensatory element at the back end of the tube.

Figure 39. Calculation scheme of the performance estimate of the
fluctuation BES system.

FLUCTUATION BES MEASUREMENTS ON ITER DNB
1

In order to benchmark the simulation results and
explore the possibility of the integration of the fluctuation
BES and CXRS measurements, design of a fluctuation
BES setup into the ITER prototype spectrometer had been
started.

2

G. Pokol , S. Zoletnik
1
2

BME-NTI

KFKI-RMKI

Contact E-mail: pokol@reak.bme.hu
A study was prepared and presented at the 2009
Workshop on Active Beam Spectroscopy, on the
feasibility of a fluctuation beam emission spectroscopy
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Examination of first and second mirror installation
ITER CORE LIDAR THOMSON SCATTERING

The installation of the mirrors in the port plug have
been analyzed in a way, that several options have been
collected for one particular problem and then according to
a custom made rating system, the most suitable one has
been selected. The following areas have been considered
for further investigation:

DIAGNOSTICS

B. Mészáros, L. Szabó
KFKI-RMKI
Collaboration: CCFE, UK
Contact E-mail:botond.meszaros@rmki.kfki.hu

•
•
•
•
•

Collection light path boundary conditions
In 2009 several activities has been carried out, that
could after all create the basis of the development project
requested by F4E later on. Among others, the optional
collection light paths behind the port plug have been
determined and their boundary conditions analyzed.
Figure 40. represents the different options:

mirror substrate material selection
mirroring surface material selection
analysis of mirror installation solutions
design options for cooling/ baking
options to increase heat transfer between the
mirror and the cooling/ baking plate

Among the above topics, the cooling/ baking options
have been considered to have high priority, therefore
examined in more details through thermal analysis. As a
result, a helical shape cooling/ baking channel grooved in
the back of a conditioning plate, that is compressed to the
back of the mirror has been selected most suitable for a
constant mirror temperature of 350°C.

Figure 41. Thermal analysis of grooved section (top) and conditioning
plate (bottom).

Movements due to thermal expansion
The most recent studies on vacuum vessel and port
plug movements have been collected and analyzed to
detect the required steering of the laser and collected light
path mirrors. The analysis has been carried out based on
some reference points (visualized in Figure 42.).
Figure 40. Collection light path options from top to bottom: all lenses,
large mirror, combined mirrors and lenses, all mirrors.

The boundary conditions have been grouped
according to the locations, such as port plug, port
interspace, bioshield, port cell and gallery. Both the
collection and the comparison of these conditions
required the participation of different groups participating
in the ITER core LIDAR development procedure. As a
result, the all lenses version has been officially proposed
to ITER CAD database as an update of the engineering
data.

Figure 42. Reference points of the analysis and the first steerable
mirrors of the laser and collection light paths.

The most important finding of the analysis is that
there is no active adjustment required for both laser and
collection mirrors during a shot due to thermal expansion.
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Therefore some steering shall be installed for calibration
purposes only.

development of a new camera firmware version will be
started, which will provide real time image processing
capability and complex triggering features.

REAL TIME MEASUREMENT AND CONTROL:
DEVELOPMENT OF EVENT DETECTION INTELLIGENT
CAMERA (EDICAM)

MECHANICAL DEVELOPMENT OF THE VIDEO DIAGNOSTIC
FOR W7-X

G. Kocsis, J. Sárközi, T. Szepesi, S. Zoletnik

G. Kocsis1, V. Szabó2, Sz. Tulipán1, S. Zoletnik1
1

KFKI-RMKI

KFKI-RMKI
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Collaboration: IPP-Greifswald
Contact E-mail: szepesi@rmki.kfki.hu
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Collaboration: IPP-Greifswald
Contact E-mail:tulszi@rmki.kfki.hu

EDICAM - an intelligent fast camera - is being
developed by KFKI RMKI. EDICAM has 1,3 Megapixel
resolution, can provide 444 full frame per second and the
maximum frame rate can go up to 100 kframe/s for a
small region of interest. Currently the testing phase of the
second prototype version of the camera is ongoing.

In the W7-X stellarator the development of the
video survey diagnostics is the task of the Hungarian
Association. Ten fast cameras will record the plasma
discharges from 10 tangential ports. To install and fix the
cameras in the 2m long twice bent AEQ ports used for the
video diagnostics, a mechanical structure is being
developed in KFKI-RMKI. (Figure 44. )

The hardware of the second prototype version has
two main subsystems. The first is the camera head
containing the CMOS image sensor, an FPGA based
control system, the ADCs and the 10 Gigabit/s
communication electronics. The other subsystem controls
the camera and performs real time image processing. This
subsystem is based on a powerful FPGA development
board with a 10 Gbit/s communication piggyback board
(see Figure 43.). The board is connected via an 8 lane PCI
Express interface to the computer.

AEQ port

Mechanical
structure

Fast Camera
Objective
Docking unit
Figure 44. The AEQ port and the mechanical structure.

In 2009 the design of AEQ port’s front parts were
modified because of manufacturing reasons by IPPGreifswald. Double pipes for shutter control and
hydrogen puffing (which keep the vacuum window clean)
were developed. The new frontend with the piping can be
seen in Figure 45.

Figure 43. The camera head and the FPGA development card.

The current version of the camera can be used
under Linux operation system: two drivers provide
interfaces to use the EDICAM as a conventional fast
framing camera. The first driver provides an interface to
control the camera parameters and the image capture. The
second driver performs the memory management for
storing the images.
This relatively simple software is used only to test
the camera hardware. The final software version, which
will be able to handle the real time data processing is
currently under development and will run under
Windows. For the Windows version of the software, first
the PCI Express communication of the FPGA
development board will be developed (both the firmware
modules and the driver) and in the near future it will be
combined with the other, already existing components of
the firmware. After this basic Windows version camera
control software and firmware is developed, the

Figure 45. Front parts and piping.
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On the back of the mechanical structure is a
connector panel that provides connection possibility of
data cable, power supply and cooling. Separating the
connections helps to handle the long tube during
installation (Figure 46.).

DEVELOPMENTS IN THE DESIGN OF CAMERA LENS FOR
THE VIDEO DIAGNOSTICS ON W7-X
G. Kocsis, G. Petravich, Sz. Tulipán
KFKI-RMKI
Collaboration: IPP-Greifswald
Contact E-mail:petravic@rmki.kfki.hu

10Gb optical link

The optical design of the camera lens has been
concluded in 2009 and a prototype lens has been built and
tested. The video diagnostics looks through an Ø3mm
pinhole on the cooled plasma facing end flange of the
AEQ port which limits the heat load on the vacuum
window and optics. Light from the stellarator reaches the
optics through the 5mm thick entrance window that closes
the vacuum; the camera and the optics are on atmospheric
pressure.

Camera power
supply

2x Air cooling
Figure 46. Components of the connector panel.

A critical component from the thermal point of
view is the front of the AEQ port that protects the parts
behind it against thermal load from the plasma. This part
was modified several times until it evolved to the present
design. The problem was that the viewing cone of the
camera crossed a piece of the component. The new design
eliminates this problem. The old and the new models can
be seen in Figure 47.

Figure 49. Optical arrangement.

Resolution of the optics

Old

For testing the camera resolution a symmetric
pyramid was taken so that the inclination angles of the
sides of the pyramid (15° and 12.2°) match the viewing
angles of the optics – determined by the size and the
location of the CMOS chip. 25 view lines – starting from
the peak of the pyramid – were defined. This model of
view lines was inserted into the CATIA model of the
vacuum chamber so that the symmetry axis of the
pyramid (the optical axis) coincides with the axis of the
Q-port; its peak is at the Ø3mm pinhole on the Q-port and
the shorter sides of its base are horizontal. For all 25 view
lines the intersection with the wall of the vacuum
chamber was calculated and their distances from the
pinhole were determined. These lengths are taken as
target distances along the particular view lines (see
Figure 50.).

New

Figure 47. Front part 3D models.

The piping was optimized with Ansys FEM
software from the thermal point of view. The temperature
distribution after piping layout refinement can be seen in
Figure 48.

Figure 48. Temperature distribution of the front part.
Figure 50. Model of views in real environment
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The resolution was estimated for these views and
distances by calculating the spot diameters (using the
ZEMAX optic design software) and taking into account
the pixel size. The real values were checked with test
measurements using the prototype camera lens and
special test pictures.

Results of this test showed that the performance of
the optics for all views is in accordance with the prior
estimation. Detailed analysis of this test measurement is
an ongoing task.

View No.
x (hor.) [mm]
y (vert.) [mm]
z [mm]
Estim. res. [mm]
Meas. res. [mm]

6
385
153
1437
1,9
√

7
765
607
5713
2,9
√

8
0
683
6428
2,7
√

Table 1. Part of the test log

Figure 51. A test picture and its image for view No 8.
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9
-655
520
4888
2,6
√

10
-1034
410
3858
3,1
√

Investigation of ceramic nanocomposites

EMERGING TECHNOLOGIES

The high temperature resistant ceramic materials
are known to be brittle which limits their application as
structural materials. In order to improve their fracture
toughness, carbon nanotube and other carbon additives
was mixed in SiN based ceramic nanocomposites. A
series of ceramic nanocomposites have been irradiated in
2008, and the changes of the mechanical properties were
evaluated in 2009. The evaluation of the first series
resulted in an unexpected increase of the toughness
measured by bending tests [1]. Further investigation of
the different carbon additions on the mechanical
properties is delayed due to technical reasons.

INVESTIGATION OF STRUCTURAL MATERIALS FOR FUSION
APPLICATIONS

A. Horváth1, Cs. Balázsi2, F. Gillemot1, M. Horváth1,
F. Weber2
1

KFKI-AEKI

2

KFKI-MFA

Contact E-mail: Akos.Horvath @ aeki.kfki.hu
Development of particle strengthened steels
The key question in the quest for the next
generation of fission and fusion devices is the
development of high strength structural materials which
can withstand high temperature and their radiation
resistance is better. Among the candidate materials, nickel
base super alloys are known to lose their ductility after
high temperature irradiation. Refractory alloys are
typically susceptible to irradiation, ceramic composites,
such as SiC fiber reinforced SiC have limited ductility
and fracture toughness.

Nanoscale modifications of the existing
ferritic/martensitic steels offer the best opportunity to
improve the radiation resistance and operating
temperature window for structures. Homogeneous
dispersion of sub-micron size particles in the metal matrix
promote recombination of point defects and mitigate
swelling caused by helium (alpha particles formed in
nuclear reactions). Although capability of steels has been
improved in the past by thermo-mechanical treatment,
utilization of powder metallurgy provide with more
controlled microstructure and tailored properties in terms
of strength and radiation resistance.

Application of Cr-Mo-V steels at high temperature

Development of oxide strengthened ferritic and
austenitic steels has been launched in 2009, with the
fundamental studies concerning the optimization of the
mechanical milling process. The milling started with a
commercial martensitic and austenitic steel powder,
whereas oxide particles were added as Yttria. High
efficient milling was done in attritor for 5 hours. Bulk
material was produced from the powder by Spark Plasma
Sintering method in vacuum. The quality of the powder
and the sintered steel was evaluated in various
microstructure studies [2]. Optical and scanning electron
microscopy, X-ray diffraction analysis were applied to
follow the change in the grain sizes. The average grain
size was 2 microns in both alloys, but the grains are
sticked to 5-20 microns grains, presenting a non-regular
morphology. The elemental mapping resulted in a
homogeneous distribution of Yttria on the steel grains.
Hardness measurement of the sintered samples confirmed
the advantage of Yttria addition to the steel; however the
tensile testing resulted in brittle behavior. The work will
continue with further improvement of the effects of
additives and sintering parameters in order to have an
alloy with superior strength and toughness at high
temperature.

The energy conversion in the fusion plant requires
the use of structural materials operating in the 500-600 °C
temperature range. The fossil plants which operate at this
temperature are built from Cr-Mo and Cr-Mo-V steels.
These materials are widely used by the industry, so the
nuclear application do not need extensive technology
development, even long term creep and thermal ageing
properties are well known. In order to investigate the
radiation resistance of this steel at higher temperature,
samples made of this steel and its weldment have been
irradiated in the Budapest Research Reactor at 270°C and
at 450°C, with a neutron dose of 2.1x1020 n/cm2 and
1,7x1020 n/cm2 respectively. The fracture toughness,
tensile, hardness and fractography tests have been
performed on the irradiated samples. The change in the
fracture properties (ductile or brittle) was expressed as the
transition temperature shift before and after irradiation.
The Master Curve measurement method was applied to
evaluate this property.
The results showed that after the irradiation at
270°C the Master Curve T0 shift was about 100 °C (still
acceptable value for the present operating reactors)
however the shift after irradiation at 450°C was nearly
zero. Annealing at high temperature, thus recovering the
reversible defects caused by neutrons, explains the change
in the mechanical properties. Similar results obtained with
tensile or hardness testing. Metallography and
fractography also have shown that the steel and its
weldment remained ductile after high fluence neutron
irradiation at 450°C. This result supports the idea that
well known commercial steels are good candidates for the
new reactor concepts.

References
[1] O. Koszor, A. Horváth, et. al. „The Effect of
Neutron Irradiation on the Mechanical Properties of
Advanced Silicon Nitride Nanocomposites”, Key
Engineering Materials, 413 (2009) 237-243
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DL_POLY. The short range parts of the potentials are
coupled to the ZBL-potential when displacement cascades
are simulated.
Preliminary cascade simulations have been done at
EPKA = 60 keV kinetic energy using the Tersoff type
potential. Results were compared with earlier results
obtained at the same PKA kinetic energy using the above
mentioned metal potential. The duration of the thermal
spike was similar in the two cases. However, there was
difference beyond the statistical uncertainty in the number
of defects (Frenkel-pairs) created in all phases of the
thermal spikes. At the same time, there was no significant
difference in the number of residual defects at the end of
the relaxation of the thermal spikes. Further systematic
studies are planned.

MOLECULAR DYNAMICS SIMULATION OF RADIATION
DAMAGE IN BERYLLIUM

A. Fenyvesi, I. Valastyán, I. Mezı, E. Fenyvesi
ATOMKI
Collaboration: KIT, Karlsruhe
Contact E-mail:fenyvesi@atomki.hu
Elaboration of a framework of simulation of the
displacement damage of beryllium is in progress. The
aims are studying 1) the evolution of displacement
cascades and 2) helium behavior in the damaged
structure.

The role of the coupling of the phonons and the
free electron gas in the dissipation of the energy of the
PKA during the thermal spike phase of the displacement
cascade was also studied by us in 2009. A
phenomenological procedure described by Gao et al. [4]
was followed in estimating the resulting friction like
force. αBe = 4.35*1012 s-1 was obtained for the strength
parameter of the electron-phonon coupling for T > 300 K
temperatures.

A Binary Collision Approximation (BCA) code
(Marlowe-15b) is used for simulating displacement
cascades induced by a Primary Knocked Atom (PKA)
with EPKA > 200 eV kinetic energy. Versions 2 and 3 of
the DL_POLY Molecular Dynamics (MD) code are used
for studying 2-body and many body effects at lower
energies in hexagonally closed packed (hcp) Be crystals
with up to 106 unit cells (2 million Be atoms) and with a
few helium atoms.

References
[1] W. Hu et al., J. Phys.: Condens. Matter 13 (2001)
1193–213.
[2] J.-M. Cayphas et al., J. Nucl. Mat. 246 (1997) 171.

The codes run on the spider.atomki.hu PC Linux
cluster. In 2009 major improvement was carried out by
upgrading and extending the system. As a result 42
processor cores become available for the simulations in
18 pieces of 2.6 GHz Intel Core2 Duo processors (each
with 2Gb RAM) and 6 pieces of 3 GHz Intel P4
processors (each with 2Gb RAM).

[3] Bjorkas et al. J. Phys.: Condens. Matter 21 (2009)
445002.
[4] Gao et al., Modelling Simul. Matter. Sci, Eng. 6
(1998) 543-556.

In 2009 our activity focused on studying the
performance of many body interatomic potentials
available in the literature for treating beryllium atoms
embedded in beryllium matrix. Testing of electron density
dependent Modified Embedded Atom Method (MEAM)
type potentials was continued. The MD simulations were
carried out at 0 K ≤ T ≤ 600 K temperatures. In the case
of the analytic MEAM type potential developed by Hu et
al. [1] we used both the potential parameter set published
by the authors and a new parameter set developed by us.
The results obtained at T > 100 K temperatures indicate
that none of the two parameter sets should be used for
displacement cascade simulations at temperatures relevant
to fusion applications. Therefore, in further MD
simulations at T > 300 K temperatures the following
many body potentials will be preferred by us:

HELOKA AUXILLARY COMPONENTS
V. Szabó, G. Porempovics
BME-MM
Collaboration: KIT Karlsruhe
Contact E-mail:vszabo@mm.bme.hu
HELOKA is a test facility for Helium gas cooling
of ITER Test Blanket Modules under construction at the
Karlsruhe Institute of Technology. The HELOKA
vacuum vessel has been manufactured, and is being tested
in Karlsruhe. We designed a pipe feedthrough to enable
the passing of hot Helium pipes through the vessel wall.
The criteria to fulfill were the following: high temperature
gradient resistant design, ability to compensate large
radial displacements, 6 bar inner, and 1 bar outer
pressure.

a) the Finnis-Sinclair type electron density
dependent empirical metal potential published by
Cayphas et al. [2] and
b) Tersoff type potentials published by Bjorkas et
al. [3] for the covalent like bonding.
The two parameter sets of the recently published
Tersoff type potential have been implemented into
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the vessel to the bellow. Additionally, the pipe is
insulated using a passive thermal shield, of which 4
concepts were made, and one was chosen. It decreases the
heat loss from the pipe from around 1000 W/m^2 to
around the half.
The PTS (Passive Thermal Shield) concept for the
heater system of HELOKA, and a PTS experiment has
been planned and prepared. This aims to validate the
numerous ANSYS thermal radiation simulations.
Advancements have been made on the plans of the
TBM support structure, which will hold the experimental
TBM's in place while running the experiments inside the
HELOKA vacuum vessel. The concepts are ready; a
complete manufacturing plan must be made for every
TBM geometry individually.

Figure 52. Section view of the HELOKA pipe feedthrough, including a
thermal shield.

The design we came out with is based on a bellow, which
fulfills all of the above requirements. Two flanges are
additionally attached, to adapt the pipe and the flange of
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development. However the level and complexity of his
tasks will be higher than it is required by on-going
development in order to increase his knowledge and skills
on the field. Later he will focus exclusively on solving of
thermomechanical problems. The tasks will be studies
and involvements in on-going researches.

TRAINING AND CAREER DEVELOPMENT
SUMMER TRAINING COURSE ON EXPERIMENTAL PLASMA
PHYSICS (SUMTRAIC) 2009

ITER design was introduced to the trainee in the
frame of the Test Blanket Module integration tasks. The
trainee became familiar with the general layout and
functioning of the device.

G. Veres1, M. Berta2
1

KFKI-RMKI
2

In ITER related tasks the main tool of
thermomechanical engineering is the ANSYS Finite
Element Method (FEM) code, which uses CATIA CAD
files, as input. The trainee started to use these softwares.
In some FEM tasks the CAD input was not proper, or
later he had to change the design, so he had to rebuild the
geometry in CATIA. This was a good method to practise
and improve the Catia knowledge. He also used ANSYS
under mentoring of Gábor Grunda FEM analyst.
Additionally he attended several seminars in FEM.
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The 7th Summer Training Course (SUMTRAIC)
on Experimental Plasma Physics, according to the many
years old custom, was jointly organized with the
EURATOM Association IPP.CR between 26 August and
4 September on the newly restarted COMPASS tokamak
in Prague.

At the end of 2009 he took part in a training
session in Cadarache where experts of Areva gave lecture
on Quality Assurance in nuclear safety. The trainee also
acquired the usage of QA system in KFKI-RMKI.

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

A series of FEM tasks from simple to more
complex were implemented in order to achieve an assured
knowledge and routine on using the tools (Catia, Ansys),
before beginning of challenging thermomechanical
analyses on in-vessel components. The trainee is ready for
an in-vessel component analysis, so he has already started
to prepare the next thermomechanical analyses of the
blanket module of ITER Equatorial Port Plug #1 in order
to participate and follow up the Vis/IR Diagnostics
development. The completed tasks were the followings:

different experimental techniques employed
in controlled nuclear fusion research,
data evaluation procedures and algorithms,
high level data evaluation languages
(MATLAB and IDL),
the basics of tokamak operation.

The course consisted of three parts: frontal
lectures, given by Czech experts on general subjects in
nuclear fusion research as well as specific problems
concerning the measurements and tokamak operation;
experiments on the tokamak COIMPASS (spectroscopy,
microwave reflectometry, visible light imaging); and
students’ talks about the results of their measurements.

Task I – Introductory structural analysis task
An ion beam system has been developed in our
institute for the COMPASS tokamak. The stress field of
the most critical component has been analyzed. This part
has inner pressure, forces from the pulling of bolts and
self weight. So it was a simple static structural
calculation. The result of the task: knowledge of meshing
solid models and application of pressure and force loads
on a single component in ANSYS.

Among the many other students and Czech
supervisors, under the guidance of 2 Hungarians, 3
Hungarian students were participating on the course.
EFDA GOAL ORIENTED TRAINING PROGRAM

Task II – Complex structural analysis task
For the functioning of ITER Test Blanket System
(TBS) we need a removable unit which contains some subsystems of TBS. Trainee had to minimize the weight of this
frame structure. So this was an optimizing task. The
structure has only static loads which come from the weight
of sub-systems. Rough FEM models were made in the first
steps and these were specified in the next phases. The mesh
size was fined during the development procedure. The
result of the task: This task was perfect to learn the
meshing procedure on a welded assembly of several parts.
It introduced the ITER environment, and the complexity of
the model and the applied loads were similar to those of an
ITER Port Plug.

WP5 THERMOMECHANICAL ENGINEERING OF IN-VESSEL
COMPONENTS
J. Németh
KFKI-RMKI
Contact E-mail:jozsef.nemeth@rmki.kfki.hu
The aim of this research project is to train a
mechanical engineer for thermomechanical analyst expert.
The trainee will be involved in general Finite Element
Method analyses which will be based on real
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Task III – Introductory thermomechanical analysis
task
This ask dealt with a thermal analysis for MAST
Beam Emission Spectroscopy In-vessel Optics. This invessel diagnostic has already been manufactured and will
be tested in laboratory. The optics has to operate on 150
°C, so a warm up of the application is required. The type
and parameters of an electrical heater and the duration of
heating had to be specified by ANSYS simulation. The
trainee made steady state and transient analyses too. The
results were adequate, so now the necessary power and
the length of the heating time are known. This result will
be validated with a real laboratory test, which will be a
good feedback for the trainee about the correctness of his
used estimations. The result of the task: validated
experience on thermomechanical analyses of an in-vessel
component, which is very similar simulation to those of
the expected ITER Port Plug components, like the first
wall of the EQ PP #1.

•

•

•

•

COMBINED NETWORK MEETING

Nicolas Ghirelli (FUEL CYCLE trainee)
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ENEA
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Alessia Santucci (TRI-TOFFY trainee)
MTA ATOMKI
András Bükki-Deme (designated TRITOFFY trainee)
Zoltán Köllö (FUEL CYCLE trainee)
Dr. László Palcsú
ICIT
Romulus George Ana (FUEL CYCLE
trainee)
Dr. Sebastian Brad
Ionut Spiridon (TRI-TOFFY trainee)
UKAEA
Damian Brennan
Dr. Allen Edwards
Stuart Knipe
Dr. Ana Parracho (TRI-TOFFY trainee)
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EURATOM Research Training – FUEL CYCLE /
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October 26 and 27, 2009, UKAEA – JET, Culham,
England
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I have participated in this combined network
meeting as a TRI-TOFFY trainee candidate. I have
delivered a lecture introducing my previous studies,
experiences, skills and the recent advances in my PhD
studies at the Department of Solid State Physics,
University of Debrecen. Beside the presentations of the
trainees, there were reports and discussions about the
financial and scientific management and actual state of
the two projects. As part of the meeting, there was a tour
introducing us the different facilities of the JET
TOKAMAK.

The EUROBREED program (Breeding Blanket
Developments for Fusion Reactors) is a Goal Oriented
Training Program, which was approved by the EFDA
Steering Committee in 2008. It provides an expert basis
for breeding blankets in European fusion program.
Therefore this project invites young researchers to get
involved in actual developments in breeding blankets
development. The consortium is composed of the
following institutes: University of Latvia, CEA (France),
CIEMAT (Spain), Karlsruhe Institute of Technology
(Germany), NRG (Netherlands). ENEA (Italy), UKAEA
(United Kingdom) and the BME NTI. The training period
lasts for 3 years.

Participants:
• EU
Christopher Ibott
Aurora Sansaverino
Hugues Desmedt
• EFDA
Dr. Roman Zagorski
• FZK
Dr. Beate Bornschein
Dr. Ion Cristescu
Dr. David Demange
Sigurd Gross
Michael Henn
Dr. Klaus Hesch
Christoph Plusczyk (TRI-TOFFY trainee)
• CEA

The project includes 8 work packages, from which
the fifth one belongs to the BME NTI. The traineeship is
started in September 2009. The eurotrainee, István Rovni
is a PhD student at BME NTI. The supervisors are Sándor
Fehér and Máté Szieberth. The topic is the Measurement
Techniques Development for Breeder Blankets, which
mainly covers the Monte Carlo calculations in the
European TBM devices for investigating detector
materials, with which one can measure several physical
quantities, like neutron flux, heat load etc. after their
irradiation. A special emphasis is put on the multiple foil
activation method as passive diagnostics. The main
purpose is to set up some measuring concepts, which
could be tried in ITER, and then the best one could be
suggested for building into DEMO. The trainee is invited
into 3 collaborator institutes for 3-3-month internships in
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each: FZK, CEA and CIEMAT. As a start the trainee took
part on the 3rd Karlsruhe International School on Fusion
Technologies and the first visit has been already arranged
to the KIT from 1st February to 30th April in 2010.

are considered as possible programs for spectrum
unfolding. The advantage of the second one is that there is
no need for an initial spectrum guess, and it can calculate
the uncertainty of the unfolded neutron spectrum in each
energy group.

ITER is a carefully designed facility with high
safety standards. There are only a few penetrations
allowed through the hermetic zone for diagnostic
methods. The TBMs are in harsh environment as they are
plasma facing components and they have to be made
hermetic, because of the tritium production. Therefore it
is not known at the moment if active measurement
techniques will be available in these or passive methods
have to be used only.
After the summer school the first four months
were devoted to learn about actual design of the Helium
Cooled Pebble Ped TBM (HCPB TBM). The earlier
investigations performed in the BME NTI on the
neutronics of the TBM has been also reviewed. The
calculated neutron spectrum in the TBM can be seen in
Figure 53. Based on these results investigations are
needed to choose detector materials for multiple foil
activation method and also for spectrum unfolding, as
passive diagnostic methods. A program is planned to be
developed, which is capable for scanning through several
cross-sections and choose the best ones for an actual
irradiation experiment as detector materials. It is hard to
define, which spectrum reconstruction is better and the
optimization depends on the unfolding method so the
material selection is not obvious. SANDBP and SULSA

Figure 53. Neutron spectrum in HCPB TBM

As future work neutron flux calculations in the
TBMs and the selection of detector materials for
measuring physical quantities are foreseen. The design of
the measurements should be as flexible as possible,
because the accessibility of the TBMs for neutron
irradiation experiments is unknown.
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standard high-tech research optimized database the
Hungarian industrial companies are supported on the
international manufacturing scene through industrial
coordination carried out by Fuziotech Ltd, the
engineering spin-off company of KFKI-RMKI. The
support includes the continuous scanning of the new
international manufacturing projects and the offer of the
services of the Hungarian companies generally to the
prime contractors, since recently there is no relevant
experienced Hungarian company in the fusion technology
business that could lead a large international consortium.
Based on previous experience there is also support
provided to companies in the field of bid writing,
especially when considering bids submitted to
organizations such like Fusion for energy or ITER
directly.

OTHER ACTIVITIES IN MAGNETIC
CONFINEMENT FUSION
PARTICIPATION IN THE NUCLEAR TENT ON THE “SZIGET
FESZTIVÁL”
D. Dunai
KFKI-RMKI
Contact E-mail: dunai@rmki.kfki.hu
Sziget Fesztivál, (pronounced see'-get) takes place
on Óbudai-sziget ("Old-Buda Island"), an island in the
Danube, in Budapest. Held in August, the festival started
as a local event in 1993 playing host to various Hungarian
artists and has grown into a large European festival,
showcasing over a thousand international artists, to
400,000 visitors, half of which come from outside
Hungary. Besides music the festival offers dance, theatre
and other performances and a “civil village”, an area
where a large number of civil organizations set up their
tents, provide information and perform public relation
actions for visitors.

COORDINATION OF REMOTE PARTICIPATION ACTIVITIES
P. Giese
KFKI-RMKI
Collaboration: CIEMAT
Contact E-mail:giese@rmki.kfki.hu
The aim of the Remote Participation (RP)
activities under EFDA is to support at a sufficient level
the needs of the EURATOM Fusion Associations, the
EFDA Taskforces and Topical Groups regarding RP
tools, based on the EFDA Remote Participation Users’
Group (RPUG) recommendations. It is a very large
domain, including many topics evolving very quickly

Traditionally the Nuclear Tent is set up in the civil
village where students and other volunteers provide indepth information on nuclear energy, both fission and
fusion. In the past 5 years the Hungarian fusion
community became more and more involved in the event
where a fusion test can be filled by visitors and successful
answers receive small PR gifts like fusion T-shirts, CDs.
Of course successful filling of the tests requires
information which is provided in words and by brochures.
In 2009 EFDA realized the PR value of the event and
gave financial support for fusion participation. Many of
the enthusiastic students of the Association spent a week
at the festival explaining the advantages of fusion energy
production and status of the research. Fusion T-shirts
were one of the most valuable PR gifts on of the festival;
they could be seen all over the place. They remained
popular even after the festival, since then they appear
even in the JET canteen.

Remote Participation technical activities cover:
a) Definition of an overall strategy for
further development of Remote
Participation tools taking into account
compatibility issues and available
resources.
b) Improvement of the remote participation
tools for better exploitation of the
experimental facilities under EFDA
based
on
the
EFDA
Remote
Participation
Users’
Group
recommendations;
c) Support to the EFDA Taskforces and
Topical Groups in terms of remote
participation needs;
d) Support and Technical Development
through EFDA Remote Participation
technical contact persons;
f) EU remote participation activities within
the ITER Framework, including
establishing the appropriate links with
F4E.

INDUSTRIAL DATABASE
B. Mészáros
KFKI-RMKI
Contact E-mail:botond.meszaros@rmki.kfki.hu
Based on the industrial connections of KFKIRMKI an industrial database was started to be formulated
in 2008 and maintained and expanded further in 2009.
This collection includes companies of special knowledge
or technology on one hand, and general technology of
high quality on the other hand. Through this unique, high

The activity is organized in the following technical topics:
Remote Data and Computer Access The main
methods used in remote computer access are VPN, SSH
and Citrix; there is no strong desire to move towards a
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standard access method. With regards to data access the
MDSPlus has became de facto standard and has been
successfully integrated in PAPI and tested in EFDA
federation.

Inter-organization security infrastructure This
topic is focused on supporting the use of interorganization security solutions to achieve different
objectives: on one hand, providing mechanisms for
organizations to share resources and to use collaborative
tools defining the required access control policies and on
the other hand, enabling users to access to resources that
are located in different organizations with just one
authentication procedure (avoiding multiple passwords)
and independently of their IP addresses

Networking All EFDA relevant NRENs (National
Research and Educational Network) as well as GEANT2
and Internet2 work nearly perfectly. Some of the
Association’s LANs have to be improved, and some have
lack for good connections to their NREN
Teleconferencing and Telecommunication in
general is an integral part of the overall approach to
creating an RP infrastructure for the European Fusion
community The H.323 based videoconferencing together
with the EFDATV is de facto standard. The Codian MCU
of DFN is used for multipoint videoconferencing.
According to the survey carried out in October 2009
almost 50% of the Associations rate their
teleconferencing set-up as adequate, 16% as excellent and
19% as insufficient (Figure 54.).

Remote Experiment Participation (REP).
Although Remote experiment tools are still rarely
implemented, some are well established and stable. The
remote real time experiment data access project, which is
being developed by CIEMAT, UPM University and JET
CODAS, is very interesting for the users’ community and
its results could be an important base for future
developments in this field
The topics of the RP activities has been achieved
by

•

•
•

•

The “Remote Participation Workprogram
2008-2009”, first presented in September
2008 and reviewed in July 2009.
The 1st meeting of EFDA RPUG has been
held in January 2009 at JET.
Update lists of the Remote Participation
resources” on-line survey has been developed
and the information gathered during the sixmonth period has been reported.
The regular videoconference meeting of Topic
of Interest to EFDA RP for the RP technical
contacts

Figure 54. Level of Teleconferencing setup at the EFDA Associations.

This work has been 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 seventh IAEA Technical Meeting on
Control, Data Acquisition, and Remote Participation for
Fusion Research held in Aix en Provence, France [4].

Documentation, Collaboration. The EFDA IDM
document management system is used as the Remote
Participation Technical documents’ store An EFDA wide
discussion forums is provided by the EFDA Wiki system.
The Web File System - installed at CIEMAT – is
integrated into EFDA Federation, provides to federated
users a collaborative environment for storing, distributing
and sharing files and folders.
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plasma gradient on the surface was not steep enough
during the main laser pulse.

COORDINATION IN THE CONTEXT OF A
KEEP-IN-TOUCH ACTIVITY

2. Plasma mirror experiments
One of the most efficient methods to remove
prepulses is based on the self-induced plasma shuttering
or plasma mirror technique. If the intensity of the laser
pulse which falling onto a transparent solid material is
chosen so that only the leading edge of the main
ultrashort pulse is above the threshold for plasma
production, the pedestal of lower intensity will be
transmitted. The created plasma does not have sufficient
time to expand during the rise time of the main laser
pulse; therefore it interacts with an overdense plasma of a
very steep density gradient. In this way a plasma mirror
can improve the contrast with several orders of
magnitude.

KEEP IN TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY
I. B. Földes, A. Barna*
KFKI-RMKI
Collaboration: University of Szeged
MPQ-Garching
Contact E-mail:foldes@rmki.kfki.hu

1. High-intensity experiments with the KrF laser

We investigated plasma mirror effect for the 248
nm wavelength of our KrF system. In order to
demonstrate high-reflectivity, s-polarized beam was used
for the reflection experiments. The laser beam was
focused by an F/10 lens onto an antireflexion-coated
glass-plate with 45° and 12.4° angle of incidence. The
target was moved by stepping motors shot-by-shot. The
energy of both the incident and reflected beams were
monitored by calibrated photodiodes. The laser energy
was kept constant; the intensity was varied by shifting the
lens relative to the target, which offered more than 4
orders of magnitude intensity range, from less than
1012W/cm2 up to above 1016W/cm2. The first results were
obtained for 45° angle of incidence in which case it was
demonstrated the first time that plasma mirror effect
really occurs for short KrF laser pulses, i.e. the
reflectivity increases logarithmically above the plasma
threshold at 1012W/cm2 and it saturates above 1014W/cm2
[3] with a maximum reflectivity of ~35%. The situation
improves for 12.4° angle of incidence in which case
reflectivity of ~50% was observed as shown in Figure 56.

Similarly to previous years the experimental works
in Hungary were concentrated in the HILL laboratory of
the University of Szeged. The KrF laser system has an
output energy of 70 mJ in 620±10 fs pulse duration. The
beam was focused by the previously used Janostech offaxis parabola mirror.

Figure 55. A cut of the 56x magnified focal spot distribution.

Figure 55. illustrates the distribution of the focal
spot magnified 56x by a CaF2 microscope. The
corresponding focal diameter was 2.45µm which
contained 50% of the laser energy, thus corresponding to
an intensity of 1018W/cm2.
Harmonics were investigated from laser-produced
plasmas on solid surfaces. Although the laser energy (and
the intensity as well) used in this experimental series was
more than factor of 4 higher than in our previous
experiments [1], we could not see harmonics with an
order higher than 4, as it was seen therein. The reason of
it was that with the new amplifier stage we used a pinhole
spatial filter before the last amplifier in order to reduce
the pedestal originating from the ASE prepulse. This
improved the energy contrast of the laser beam. On the
other hand the ASE transmitted through the pinhole is
further amplified, resulting in a lower intensity contrast
with ~108-109W/cm2 ASE intensity in the focal plane
which causes photoablation and photoionization of the
target before the arrival of the main pulse [2], thus the

Figure 56. Intensity dependence of the reflectivity for 12.4° angle of
incidence.

Above the optimal intensity the reflectivity drops
due to the nonlinear processes and the increased
collisional absorption in the longer plasma. This behavior
is similar to earlier results with Ti-sapphire lasers with the

33

difference that the reflectivity – due to the shorter
wavelength is less than the 70% therein.

The polarization dependence of harmonics is on
the one hand the dependence on the polarization of the
incoming beam, and on the other hand the investigation of
polarization of the generated harmonics. Polarization
properties are important not only as a characteristic of the
generating mechanism, but actually it can also be used for
polarization gating and thus for the generation of single
attosecond pulses. Most of the harmonics experiments
rely solely on a linearly polarized laser beam and rotating
its angle. In the present experiment it was possible to
investigate the dependence on the ellipticity of a
circularly polarized beam. This can give new insight into
the CWE mechanism. Although polarization gating is
considered for the relativistic oscillating mirror
mechanism only for higher intensities, it was our interest
to investigate its actual applicability for the CWE
mechanism. The compressor of the LWS laser systems
consists of chirped mirrors and a bulk glass; therefore it
does not change the incoming polarization. Therefore
broad-band achromatic λ/2 and λ/4 plates could be used in
the uncompressed laser beam.

Even in this case plasma mirrors can be applied for
cleaning KrF laser pulses. The 50% losses may however
be reduced if the plasma mirror is applied before the last
amplifier. We can use the fact that KrF amplifiers work in
saturation regime. Consequently, if one applies the
plasma mirror before the final amplifier the output energy
will not be significantly reduced, whereas ASE pedestals
from the system before the final amplifier disappears.
This ASE due to its linear amplification in a single stage
off-axis amplifier does not give a significant contribution
in the focus because - due to its larger divergence - it will
remain practically unfocused in the focal plane. A further
advantage of this setup can be utilized with the plasma
mirror positioned to the focal plane. This not only relaxes
the energy requirements but - due to the diffraction
limited property of the KrF laser beam - the plasma
mirror will not deteriorate the beam quality. There is no
structure within the diffraction limited focal spot, and thus
the plasma mirror acts as a secondary source of radiation
operating as a spatial filter. Such a scheme is capable for
cleaning the laser beam from the Fourier-components
with higher spatial frequency, thus from the spatial
inhomogeneities of the main pulse.
3. High-harmonics experiments with a sub-10 fs laser
We continued our participation in an experiment in
the MPQ within the frames of the EURATOM mobility
program in high-harmonics generation from solid states
using a sub-10 fs laser with carrier-phase envelope effects
in the structure of harmonics. The LWS10 and its
upgraded version, the LWS20 laser systems were used in
the experiments.

Figure 57. Dependence of harmonics intensity on the polarization of the
laser beam.

As it can be seen in Figure 57., harmonics
generation drops slightly faster as we change the
polarization of the incoming laser beam from p- to spolarization than expected from simulations. This gives a
hope that polarization gating may become a tool for single
attosecond pulse generation even in the case of the CWE
mechanism.

The task of our group was the investigation of
polarization dependence of harmonics. The laser is based
on the OPCPA technique and it provides laser pulses of 8
fs duration up to 1019W/cm2 focused laser intensities
(aL≈1.5). The p-polarized beam was focused onto fused
silica plates with 45° angle of incidence. The generated
harmonic radiation in the specular direction was recorded
using a grazing-incidence imaging XUV spectrometer.
High harmonics were observed up to 20ω, where a
distinct cutoff was observed, corresponding to the highest
harmonic that the plasma density can sustain, thus the
responsible mechanism was coherent wake emission
(CWE) as expected e.g. from particle in cell (PIC)
simulations. Two distinct characteristics in the spectra are
noticeable. The individual harmonics are broadened
compared to those from a longer pulse and exhibit from
shot-to-shot a significant and strongly irreproducible
substructure. In contrast, spectra taken with chirped
pulses of >20 fs duration reproducibly consist of single
peaked harmonics as one would expect from many-cycle
pulses. This is unequivocal proof that the structure
observed with 3-cycle pulses is due to the shortness of the
laser pulse. The shot-to-shot variable substructure is
attributed to the carrier-envelope phase variation of the
laser pulse.
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