Activity Report, 2012

EURATOM Association – HAS
(Hungarian Academy of Sciences)

Contents
I. EXECUTIVE SUMMARY ................................................................................................................. 4
II. ITER PHYSICS BASIS .................................................................................................................... 5
PLASMA TURBULENCE MEASUREMENTS ON MAST .................................................................... 5
PLASMA TURBULENCE AND ZONAL FLOW MEASUREMENTS IN TEXTOR .............................. 5
PLASMA TURBULENCE MEASUREMENTS IN COMPASS ............................................................. 7
TURBULENCE MEASUREMENTS IN KSTAR ................................................................................... 7
STUDY OF EDGE TURBULENCE IN JET ......................................................................................... 8
STUDY OF EDGE TURBULENCE IN ASDEX UPGRADE ................................................................ 8
RADIATION DISTRIBUTIONS IN THE SNOWFLAKE DIVERTOR CONFIGURATION IN HMODE .................................................................................................................................................. 9
MEASUREMENT OF THE EDGE CURRENT IN COMPASS USING ABP ..................................... 10
MEASUREMENT OF ELM PRECURSORS IN KSTAR ..................................................................... 10
INVESTIGATION OF EDGE LOCALIZED MODE PRECURSORS ON JET ................................... 10
INVESTIGATION OF ISOTOPE EFFECTS IN PELLET ABLATION AT ASDEX UPGRADE ........ 12
ELM TRIGGERING ........................................................................................................................... 14
LINEAR AND NON LINEAR INTERACTIONS OF FAST IONS AND ASSOCIATED
INSTABILITIES AT ASDEX UPGRADE ........................................................................................... 14
INVESTIGATION OF THE PELLET CLOUD DYNAMICS .............................................................. 15
RUNAWAY ELECTRON MODELLING ............................................................................................ 19
UNIVERSAL FUNCTIONAL FORM OF ATOMIC ELASTIC CROSS SECTIONS. THE CASE OF
THE HYDROGEN TARGET. ............................................................................................................. 20
III. PLASMA DIAGNOSTICS ............................................................................................................ 22
SIMULATION OF BEAM EMISSION DIAGNOSTICS WITH RENATE ........................................... 22
DESIGN AND MODELING OF RADIATION SHIELDING FOR MAST BES DETECTOR ............ 23
INSTALLATION OF NEW HIGH CURRENT Li-ION SOURCE IN VARIOUS Li-BEAM
DIAGNOSTICS .................................................................................................................................. 23
CONSTRUCTION OF ASDEX UPGRADE Li-BES TURBULENCE MEASUREMENT SYSTEM .... 23
CONSTRUCTION OF KSTAR FLUCTUATION BES SYSTEM ........................................................ 24
DESIGN OF A Li-BEAM SYSTEM FOR KSTAR AND EAST ............................................................ 25
TABLE TOP PELLETINJECTOR (TATOP) FOR IMPURITY PELLETS.......................................... 26
IMPROVEMENTS IN THE TOMOGRAPHICAL PROGRAM USED FOR PROFILE
RECONSTRUCTIONS ....................................................................................................................... 27
DEVELOPMENT OF ACTIVATION FOIL DIAGNOSTIC FOR LOST FAST PARTICLES ............. 29
RADIATION RESISTANCE TESTING OF BOLOMETERS DEVELOPED FOR FUSION REACTOR
........................................................................................................................................................... 30

2

INTELLIGENT CAMERA DEVELOPMENT AND INTEGRATION FOR THE WENDELSTEIN 7X
STELLARATOR EXPERIMENT ........................................................................................................ 31
IV. FUNDAMENTAL UNDERSTANDING OF FUSION PLASMAS ............................................ 32
COHERENT VORTEX INTERACTIONS IN 2D MAGNETIZED TURBULENT ELECTROLYTE.
LABORATORY EXPERIMENT .......................................................................................................... 32
V. EMERGING TECHNOLOGIES ................................................................................................... 33
STUDY THE LOW ALLOYED STEEL CHARACTERISTICS FOR FUSION DEVICES ................... 33
MOLECULAR DYNAMICS SIMULATION OF IRRADIATION ........................................................ 35
IMPLEMENTATION OF INTERATOMIC POTENTIALS FOR THE BE-W AND W-W
INTERACTIONS INTO THE DL_POLY CODE ................................................................................ 35
MATERIAL COMPOSITION OPTIMIZATIONS IN THE APPLICATION OF THE SECONDARY
CHARGED PARTICLE ACTIVATION METHOD FOR TPR MEASUREMENTS ........................... 36
AUTOMATED CODE SYSTEM FOR ACTIVITY CALCULATIONS FOR DEMO ............................ 39
VI. KEEP IN TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY ..................................... 41
KEEP IN TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY ................................................... 41
VII. OTHER ACTIVITIES ................................................................................................................. 43
SUMMER TRAINING COURSE ON EXPERIMENTAL PLASMA .................................................... 43
PHYSICS (SUMTRAIC) 2012 ............................................................................................................ 43
DEVELOPMENT OF FUSION EDUCATION .................................................................................. 44
PARTICIPATION IN THE NUCLEAR TENT AT “Sziget Fesztival” ................................................ 45
PUBLICATIONS .................................................................................................................................. 46
ANNEX 1. RESEARCH UNIT MEMBERS AND STAFF ............................................................... 50
ANNEX 2. MANAGEMENT STRUCTURE...................................................................................... 51
ANNEX 3. HUNGARIAN REPRESENTATIVES IN THE EUROPEAN COMMITTEES
RELEVANT TO FUSION R&D ......................................................................................................... 52

3

I. EXECUTIVE SUMMARY
2012 started with a substantial change in the organization of the Hungarian Academy of Sciences:
several research institutes were combined into larger research centres with the intention to improve
efficiency and optimize infrastructures. KFKI RMKI, the coordinator of the Hungarian fusion
Association became part of the Wigner Research Centre for Physics (Wigner RCP). The other part of
the research centre is formed by the former Research Institute for Solid State Physics and Optics. The
President of the Academy of Sciences delegated the coordination of the fusion Association to Wigner
RCP, therefore fusion work continued in basically the same way as before.
The activities of the Association continued the lines started in earlier years. Our work is strongly
focussed on diagnostic development and measurements on large fusion experiments in Europe. We
focus on two major diagnostic fields: beam aided diagnostics (Li-beam and Beam Emission
Spectroscopy) and video diagnostic (for pellets and overview). Measurements address two key fields in
magnetic fusion: plasma turbulence and control of ELM instabilities at the plasma edge. These works
are complemented by the developments of numerical methods for transient analysis, tomography and
beam modelling. Theoretical work is done mostly in the framework of the Integrated Tokamak
Modelling (ITM) activity of EFDA for the modelling of runaway electrons and plasma-wall interaction
processes. Materials development for fusion and fission applications and irradiation studies of fusion
components are done at the Budapest Research Reactor. A small keep in touch activity in Inertial
Fusion Energy is also part of Hungarian fusion research.
This Activity Report describes elements of the above work. IT mostly follows the structure of the Work
Programme but combines related works into single reports. If the reader needs more information on the
reports a contact email address is supplied for each section.
Sándor Zoletnik
Head of Research Unit
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II. ITER PHYSICS BASIS
PLASMA TURBULENCE MEASUREMENTS ON MAST
D. Dunai
Wigner RCP
Collaboration: CCFE, Culham, United Kingdom
Contact E-mail:dunai.daniel@wigner.mta.hu

A Beam Emission Spectroscopy (BES) diagnostic has been installed on the MAST tokamak in 2010 in
collaboration between Association HAS and CCFE. The system observes the light emission from a
heating Deuterium neutral beam and from changes in it can reveal information on plasma turbulence
and other phenomena resulting in fast changes in plasma density. In 2012 MAST was in an upgrade
phase which lasted somewhat more than foreseen, therefore no physics measurements were done. The
diagnostic was recalibrated and made ready for regular measurements in 2013.

PLASMA TURBULENCE AND ZONAL FLOW MEASUREMENTS IN TEXTOR
S. Zoletnik, L. Bardóczi, D. Réfy
Wigner RCP
Collaboration: FZ Jülich
Contact E-mail: zoletnik.sandor@wigner.mta.hu

The TEXTOR Li-beam diagnostic was rebuilt by Association HAS and started operation for plasma
turbulence and other transient measurements in 2008. Results revealed detailed properties of edge
plasma turbulence and Geodesic Acoustic Modes (GAMs) which are believed to play an important role
in turbulence regulation. In 2012 the cross-phase between poloidal velocity and density modulation (at
the top of the plasma) was measured and the theoretically expected 90 degree was found. GAM
measurement results were published in 2012.
Measurements were performed at the end of 2011 to compare GAM behaviour in Deuterium and
Hydrogen discharges. These measurements were analysed in 2012. The Li-beam diagnostic detected
GAMs in most of the discharges but the statistics of the results did not allow a reliable statement on the
dependency on isotope mass. However, the results confirmed the general tendency seen by
measurement of the floating potential fluctuations by Langmuir probes, that GAM activity is lower in
Hydrogen discharges. This behaviour might be one factor causing a difference in the L-H transition
power threshold in Hydrogen and Deuterium discharge therefore considered to be an important finding.
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Figure 1. Frequency spectra of floating potential fluctuations measured by Langmuir probes (left column)
and poloidal flow velocity measured by the Li-beam diagnostic (right column). The rows correspond to various
plasma currents and densities. The red curves are D while the black ones are H discharges.

A numerical method has been developed in 2012 for the determination of turbulence eddy inclination
from time delay of plasma turbulence propagation measured by the quasi 2D Li-beam diagnostic. The
method has been characterized and will be applied to measurements where all four combinations of
plasma current and toroidal magnetic field direction were studied.
Unfortunately comparison of GAM measurements with ELMFIRE simulations could not be performed
due to the limited computer time which could be devoted to these simulations.
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PLASMA TURBULENCE MEASUREMENTS IN COMPASS
M. Berta
Széchenyi University
A. Bencze
Wigner RCP
Collaboration: Institute for Plasma Physics, Prague
Contact E-mail: bertam@sze.hu

The COMPASS Li-beam diagnostic is being built by Association HAS. Although first results in plasma
density measurement were achieved, no turbulence measurements could be done. See report on
diagnostic work in Section III.

TURBULENCE MEASUREMENTS IN KSTAR
S. Zoletnik, M. Lampert
Wigner RCP
Collaboration: NFRI, Daejeon, South Korea
Contact E-mail: zoletnik.sandor@wigner.mta.hu

Following the success of the trial Beam Emission Spectroscopy diagnostic installed by Wigner RCP on
KSTAR a final system was designed and installed in 2012. (See section III). The diagnostic was
operated during the campaign in autumn 2012. Plasma turbulence could be measured at the plasma
edge; the signal quality did not allow measurement in the core. The poloidal flow velocity was clearly
resolved and agreed with ECEi measurements. Direct correlation between fluctuation measured by the
BES and the ECEi system was found approximately along field lines confirming that plasma turbulence
structures have several meter length along the magnetic field.

Figure 2. 2D plot of the maximum correlation between single BES channels and all of the more than 400
imaging ECE diagnostic channels located about 90 degrees toroidally. The 32 BES detectors are imaged along
field lines to the cross-section of the ECEi diagnostic (black rectangles on the top of the plots). The filled blue
rectangle shows the reference BES channel.
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STUDY OF EDGE TURBULENCE IN JET
S. Zoletnik, D. Dunai, G. Petravich, D. Réfy
Wigner RCP
Collaboration: EFDA-JET, CCFE
Contact E-mail: zoletnik.sandor@wigner.mta.hu

In January 2012 a new optical system has been installed on the JET Li-beam by Wigner RCP and
CCFE in the framework of a JET EP2 upgrade project. It allows parallel measurement of the beam
emission spectrum by a spectrometer-camera combination and fast modulations of the beam light
intensity by a 32 channel Avalanche Photodiode (APD) camera. The light intensity of the APD branch
was found to be lower than expected partly due to optical, partly beam injection problems. This meant
that plasma turbulence was only marginally resolved. Nevertheless the diagnostic was operated in the
JET campaign and important results were obtained for the so-called M-mode, when an approximately 1
kHz periodic oscillation is detected in the edge of an H-mode plasma, and ELM activity is absent. The
radial phase structure of the density modulation and crossphase to ECE temperature measurement was
resolved.

Figure 3. Phase distribution of the M-mode oscillation at 1 kHz along the minor radius
on the top if the JET plasma

STUDY OF EDGE TURBULENCE IN ASDEX UPGRADE
S. Zoletnik, A. Czopf
Wigner RCP
Collaboration: IPP-Garching
Contact E-mail: zoletnik.sandor@wigner.mta.hu

In 2011 a new optical head was built for the ASDEX Upgrade Li-beam diagnostic in Wigner-IPP
collaboration. Measurements revealed that the light intensity is about 50 times higher that with the old
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optical heads, therefore in 2012 Wigner RCP purchased a copy of the 32 channel MAST BES detector
and built a trial optics to couple and filter light from 9 fibres of the new optical head. This setup is
planned to be used in spring 2013 to reveal signal statistics and background in preparation for
installation of a full 32 channel new detector.

RADIATION DISTRIBUTIONS IN THE SNOWFLAKE DIVERTOR
CONFIGURATION IN H-MODE
B. Tal
Wigner RCP
Collaboration: CRPP Lausanne
Contact E-mail: tal.balazs@wigner.mta.hu

A discharge series in H-mode is performed to study plasma radiation behavior as snowflake
configuration is approached. This series aims to demonstrate the activation of secondary strike points
and thus the possible repartitioning of power losses.
The proximity to ideal snowflake can be
parametrized by the distance between
the two X-points normalized with the
minor radius, called σ. Radiation
profiles with different σ values are
shown in Fig. XX. Here the top row
depicts the distributions measured
between ELMs and the bottom row
shows the profiles at the ELM peaks. If
σ>1 the configuration can be regarded
as single null, like in the first column
(discharge #45107, σ=1.2). The
transition to snowflake is experienced if
σ<0.5 in H-mode. Hence, the radiation
distributions of discharge #45109 shown
in the third column of the figure carry
the properties of this novel exhaust
solution.The radiation of the interELM
periods in the single null configuration
is concentrated at the primary strike
point on the high field side wall. As
snowflake is approached, this pattern
moves apart from the tiles in the
direction of the null-point, spreads
deeper inside the core and extends
slightly along the bottom divertor leg.
However, its amplitude does not change
significantly, which refers to only
marginal activation of the bottom strike
point.

Figure 4. Radiation profiles reconstructed from coherently
averaged AXUV signals with ELM peak reference. The
common logarithmic color scale is shown on the right. Low
intensity zones are marked by white. Top row: t=0.4 ms
before the ELM (interELM period), bottom row: at the ELM
peak. η=0.24 A/W is applied. 1st column: #45107 – σ = 1.2,
2nd column: #45108 – σ = 0.8, 3rd column: #45109 – σ =
0.4. Primary and separatrices are overlaid by black.
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MEASUREMENT OF THE EDGE CURRENT IN COMPASS USING ABP
M. Berta
Széchenyi University
A. Bencze
Wigner RCP
Collaboration: Institute for Plasma Physics, Prague
Contact E-mail: bertam@sze.hu

A measurement idea is being implemented on the COMPASS Li-beam to collect secondary
ions from the Li-beam ionization in the plasma and from their trajectory calculate the edge
poloidal magnetic field. This measurement requires Li-beam operation with at least 80 keV
which was not achieved in 2012. The ABP work therefore concentrated on preparation of a
publication on the method and installation of electronics for the measurement.

MEASUREMENT OF ELM PRECURSORS IN KSTAR
S. Zoletnik, M. Lampert
Wigner RCP
Collaboration: NFRI, Daejeon, South Korea
Contact E-mail: zoletnik.sandor@wigner.mta.hu

The final BES diagnostic was operated in KSTAR during the measurement campaign in from
September to November. Due to need to solve several technical problems during the
campaign the analysis of data is lagging behind. Nevertheless it was found that the BES
diagnostic can clearly observe precursor modes before the ELM crash. The poloidal
wavelength is around 5-10 cm which is in good agreement with ECEi measurements.

INVESTIGATION OF EDGE LOCALIZED MODE PRECURSORS ON JET
M. Lampert, G. Kocsis
Wigner RCP
Collaboration: EFDA JET
Contact E-mail:lampert.mate@wigner.mta.hu

Several methods were developed to mitigate ELMs, from which the pellet ELM
pacing is a feasible method. By shooting millimeter sized pellets into carbon wall plasma at a
given repetition frequency, ELMs are triggered at the same frequency. By increasing the
frequency higher than the natural ELM frequency, the peak power load on the wall of the
vacuum vessel can be decreased significantly. The size of the pellets can be small enough to
be undetectable by optical diagnostics at JET and a successful pellet shoot is hard to be
recognized. To analyze the physical differences between pellet induced and naturally
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occurred ELMs, one has to know which ELM is pellet induced and which one is not. In order
to do this, a method needs to be found which could separate the two from each other
undisputedly.
At JET for carbon wall plasma regimes a precursor oscillation in the line integrated
electron density - measured by interferometry - may be observed before naturally accouring
ELMs. If this precursor would be seen only for naturally occurred ELMs, a method would be
found to separate the natural and pellet triggered ELMs for such cases when the pellets are
not detectable. To investigate this phenomena a database is built containing more than 1000
ELM events (both natural and pellet triggered). The database contains for each ELM the
presence of the precursor, the ELM caused plasma energy drop and the information if it is
natural or pellet induced. Only those ELMs were investigated, where this information was
known with very small uncertainty.
This database was investigated and according to the analysis, no pellet induced ELM
was found, which was preceded with density precursor oscillation. It was also recognized
that not every naturally occurring ELM was preceded with this precursor oscillation,
therefore we tried to find out which natural ELMs have the density precursor and which do
not. A natural idea was to investigate the size of the ELMs as determining parameter,
therefore the ELM caused relative plasma energy drop was taken for each ELM events and a
correlation was found between this quantity and the presence of the precursor. It can be seen
on Fig. 5, that the precursor probability drops continuously with decreasing relative energy
drop and over 9% relative energy drop ELMs with precursor are more frequent, while below
5% ELMs without precursor is more likely. The reason of this result is not yet clear, however
it is suspected that the more the relative energy drop is, the higher the plasma pressure
gradient. The higher the pressure gradient is, the more it shifts the plasma into the unstable
region, which could be a reason for electron density oscillations before the ELM.
Summarily, our aim was to find a method which can separate the naturally occurring
and pellet induced ELMs without observing the pellets directly. However, the proposed
method – investigating the density precursor – works only for high relative energy drop
ELMs and for low relative energy drop ELMs additional measurements are required.

Figure 5. Probability of the presence of the density precursor for naturally occurring
ELMs as a function of the ELM caused relative energy drop.
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INVESTIGATION OF ISOTOPE EFFECTS IN PELLET ABLATION
AT ASDEX UPGRADE
G. Cseh, G. Kocsis, T. Szepesi
Wigner RCP
Collaboration: IPP Garching
Contact E-mail: cseh.gabor@wigner.mta.hu

Introduction. Cryogenic pellet injection is one of the most successful ways to fuel
fusion plasmas and to control instabilities appearing at the plasma edge (Edge Localized
Modes – ELMs). To develop the most advanced fuelling and edge controlling techniques,
deep understanding of pellet ablation is vital. The next step fusion device, ITER is going to
start its operation with helium plasma and hydrogen pellets. Therefore it is necessary to
investigate the effect of different pellet and plasma materials to the ablation process. To
achieve this goal, snapshots of individual ablating pellet clouds were taken from a radial
view with a fast framing camera (in the visible range) with a few µs exposure time. The
analysis of the pellet clouds’ radiation was performed at different radial positions that is with
different local plasma parameters. This setup allows us to investigate the distribution of the
pellet cloud using different pellet- and plasma materials and to perform a statistical analysis
of the measured data. In the 2012 experimental campaign of ASDEX Upgrade - beside the
usual deuterium pellets in deuterium plasma - hydrogen pellets were injected into helium and
hydrogen plasmas, which made the realization of the aforementioned experiments possible.
Investigation of pellet cloud distribution. After the spatial calibration of the camera
images an empirical characterization of the pellet clouds was made. It was recognized that
the most frequently observed cloud shape is the so-called “cigar” type cloud. In this case the
radiation distribution along the magnetic field line crossing the middle of the cloud has one
maximum, and also one maximum perpendicular to this field line. It appeared that the size,
shape and other characteristics of the clouds are basically the same for all pellet/plasma
materials; no considerable difference has been observed (see Figure Hiba! A hivatkozási
orrás nem található.). The same is true for the other common cloud shape, the “cigar” shape
with two maxima along the magnetic field line and one maximum perpendicular to it.

Figure 6. The most common, "cigar" shaped cloud for different pellet/plasma materials.
The horizontal and vertical sizes (the nearly horizontal lines show the magnetic field line, the nearly
vertical line shows the perpendicular direction) in physical coordinates are about the same. The last
figure at the right shows the template of this cloud type.
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Figure 7. Ablation rate vs. FWHM along the field line (right) and in the perpendicular direction (left).
The different materials plotted with different colors: D/D is red, H/He is blue, H/H is black.

Statistical investigation of the pellet clouds. For the statistical analysis, two sections of the
two dimensional radiation distributions were used; one along the magnetic field line and one
in the perpendicular direction crossing the center of the cloud (see the white lines on Figure
Hiba! A hivatkozási forrás nem található.). This way, nearly 140 one dimensional
adiation distributions were collected for each direction. From the one dimensional
distributions, the full width at half max (FWHM) of the radiation distributions was derived.
Using the collected pellet- and plasma parameters (pellet speed, volume, material and plasma
density, temperature, material etc.) at the center of the cloud, the connection between the
FWHM and the different parameters was investigated with special attention to the difference
using different materials. These two FWHMs as the function of the ablation rate (calculated
from the plasma temperature, density and pellet volume) are plotted on Fig. 2. It can be seen
here, that – considering the scattering of the data – the different materials behave the same
way. Accordingly we can state that no significant difference in the pellet cloud shape and
size was observed for different pellet- and plasma materials.
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ELM TRIGGERING
G. Kocsis
Wigner RCP
Collaboration: IPP Garching, EFDA JET
Contact E-mail:kocsis.gabor@wigner.mta.hu

Pellet ELM triggering was experimentally investigated both at ASDEX Upgrade and JET. It
is clearly observed that a tokamak with metal wall has different ELM behavior than with full
carbon or partial carbon wall. This was observed both at JET and ASDEX Upgrade.
Accordingly the pellet ELM triggering shows different features. The H-mode plasma in a
tokamak with partial or full carbon wall was never resistant against the cryogenic pellet
caused perturbation (if the pellet penetrated deep enough into the plasma to cross the entire
pedestal) and an ELM was almost always triggered. The H-mode plasma in a full metal wall
tokamak showed a different behavior: sometimes even the strong perturbation caused by a
deeply penetrating pellet was not enough to trigger an ELM. This would limit the
applicability of the pellet ELM pacemaking to mitigate the ELM caused heat loads therefore
the investigation of the underlying processes of the ELM triggering is inevitable. Such
experiments are ongoing both on ASDEX Upgrade and JET and HAS scientist are
contributing to this experiments investigating among others the seed perturbation needed for
the ELM triggering. The experiments and the processing of the obtained experimental data
are ongoing and the results will be reported in the next annual report (2013).

LINEAR AND NON LINEAR INTERACTIONS OF FAST IONS
AND ASSOCIATED INSTABILITIES AT ASDEX UPGRADE
G. Pokol, N. Lazányi, L. Horváth, G. Pór
BME
Collaboration: IPP Garching
Contact E-mail: pokol@reak.bme.hu

NTI Wavelet Tools is an IDL language software package maintained by BME NTI
integrated into the ASDEX Upgrade signal processing utilities through the MTR data access
and processing tool. The toolbox is constantly being developed with new features motivated
by studies typically related to transient plasma waves and associated transport events. In
2012 short-time Fourier coherence and bicoherence methods have been studied in detail in
respect of bias and error estimation. Short-time Fourier and wavelet coherence was
implemented at ASDEX Upgrade as part of NTI Wavelet Tools.
As an application of the time-frequency analyisis methods implemented in NTI
Wavelet Tools, an indicator was developed to characterize the fast ion scattering efficiency
of a transient plasma wave. The proposed indicator is the absolute value of the short-time
Fourier transform (STFT) based time-frequency transfer function calculated for fast ion loss
and magnetic detedor signals. A trial run shows very efficient scattering by the n=5 TAE
compared to the other TAE modes. AC modes show even higher efficiency, but mode
amlitudes were not normalized to the position of the mode, so comparison between the two
types is not justified.
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Using the NTI Wavelet Tools complemented by other statistical methods the study of
ELM-induced fast ion losses was started. Strong precusor activity was seen on the fast ion
loss signals in some ELMs, while large skipes of losses were detected associated to other
ELMs.

Figure.8. Analysis of TAE modes associated with coherent fast ion losses in ASDEX Upgrade. Left:
mode numbers of TAE modes determined by STFT based relative phase fitting method used on
magnetic probe signals. Right: Absolute value of the STFT based time-frequency transfer function of
fast ion loss and magnetic ignals interpreted as fast ion scattering efficiency

INVESTIGATION OF THE PELLET CLOUD DYNAMICS
G. Kocsis, G. Cseh, T. Szepesi
Wigner RCP
Collaboration: IPP Garching
Contact E-mail:kocsis.gabor@wigner.mta.hu
Introduction. Cryogenic pellet injection is one of the prime candidates to fuel large scale
fusion devices - like ITER and DEMO - in different operational regimes. Moreover,
cryogenic pellet injection is also a promising tool to control Edge Localized Modes (ELMs)
associated with the standard H-mode foreseen as ITER`s baseline scenario. To allow for an
efficient use of the pellet injection tool, the predictive understanding of the underlying
processes of the pellet-plasma interaction is indispensable. Recent investigations supported
the assumption that pellet ablation is a complex 3D process taking place on the μs timescale,
involving - among others - pellet cloud dynamics (expansion, instabilities and drifts) and the
fast axisymmetric plasma cooling
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Figure 9. The tangential view of the fast framing camera (for the details see the text).

Experiment. Recently developed diagnostics at ASDEX Ugrade open powerful new
possibilities to investigate pellet ablation dynamics on a time scale fast enough to resolve the
pellet motion (the pellet moves less than its initial diameter within 1μs). The fast framing
pellet video system was upgraded with a Photron SA5 CMOS camera with a frame rate up to
1MHz. The typical tangential view of the camera used in these investigations is seen of Fig.1
together with the radial (solid lines) -vertical (dashed lines) mesh. To be able to run the
camera at 350 kfps a small region of interest is recorded (red frame on Fig.1). A wide angle
view photodiode also monitored the pellet cloud emitted light as a function of time.
Investigation of the fluctuation of the pellet cloud light emission. As a comparison
between the fast framing movies and wide angle view monitor signal, a series of shots
were analyzed. Since both diagnostics observe the same volume their results should be
comparable. To confirm this expectation the total radiation of the frames and the accurate
timing were calculated and plotted together with the wide angle view diode signal on Fig.10.
(shot 27215: 350 kframe/s). As it is seen on this figure the agreement is satisfactory.

Figure 10. Shot: 27215 (camera frame time: 2.86µs, diode sampling time: 2.15µs). Red curve is the
total radiation of a camera image as a function of time. The over-plotted black curve is the wide angle
view monitor signal. The temporal resolution of these two diagnostics is the same in this case.
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Investigation of the pellet cloud drift. The main emphasis was put on the analysis of pellet
cloud dynamics and drifts by observing the visible radiation with the fast camera and by
applying image processing algorithms.
During penetration parts of the main ablation cloud localized around the pellet are regularly
erupted. These attached cloudlets move typically to the outward radial direction with a
velocity much higher than the pellet speed. This movement could be associated with a grad B
caused pellet cloud drift. Sometimes the erupted cloudlet moves in the upward vertical
direction; the explanation of this finding is not yet clear. As a possible consequence of the
cloudlet eruption, the shape of the pellet cloud and therefore the radiation pattern detected by
both radial and tangential viewing cameras changes on a fast time scale.

Figure 11. Time evolution of single parameters calculated for each frames (for details see text).
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To characterize the evolution and the movement of the pellet cloud seen on the fast movies,
the snapshots were evaluated by applying the optical flow method. The optical flow method
can clearly recognize the drifting cloudlets and the two typical directions: from HFS to LFS
and upward motion. We wanted to characterize each optical flow velocity frame with one
value, therefore the histogram of the velocity direction was calculated for each frame, and it
was seen that it has a clear, narrow maximum which mostly reflects the drifting cloud. On
Fig.11 such "single" values calculated from each frames are plotted as a function of time.
The upper part of Fig.11 shows the frames of the movie. The lower part is the above
described most probable direction of the velocity, where the red solid line is the direction
from HFS to LFS, the dotted line is the upward direction and the dashed line is the pellet
flight direction. It is clearly seen that the most probable direction is always between these
angles. The middle curve on Fig.3 shows the time evolution of the total radiation of a frame
(black curve) - which is typically detected by wide angle view pellet monitor diagnostics and the maximum radiation (red curve). One can see that the total radiation has a local
maximum if drifting cloudlets are also present and contribute to the radiation.
The evaluation software was modified to store results of this kind of processing, therefore
parameter dependences can be investigated. For example the left part of Fig.12.. shows all
the above explained most probable angle as a function of the absolute value of the optical
flow speed. Each + symbol represent one frame of the fast movies for shot No. 27215 (about
30 pellets and 2000 frames). The right part of this figure shows the angle histogram of the
data plotted on the left. Here two clear maxima can be seen: around zero angle (this is the
direction of the pellet movement) and around 80 degree which is not far away from the HFS
to LFS direction (around 60 degree).

Figure 12. Left part: the most probably angle as function of the absolute value of the optical flow
speed, each + sign represent one frame of the fast movies for shot No. 27215 (about 30 pellets and
2000 frames). Right part: the angle histogram of the data plotted on the left.
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RUNAWAY ELECTRON MODELLING
G. Papp, A. Kómár, G. Pokol
BME
Collaboration: VR Chalmers, IPP Greifswald
Contact E-mail: pokol@reak.bme.hu

Runaway electron modelling at BME NTI is carried out in strong international
collaboration. Modelling efforts require the use of codes with different models. The ARENA
code is a full-f Monte Carlo code capable of simulating the distribution function of runaway
electrons in a large aspect ratio circular tokamak approximation, presently for primary
generation in a pre-prescribed electric filed evolution and constant plasma parameters. The
GO code is a 1D code capable of simulating the self-consistent evolution electric field and
runaway current for pre-prescribed evolution of plasma composition and plasma parameters.
ANTS is an orbit following code simulating the trajectories of runaway electrons in a 3D
magnetic geometry, also accounting for collisions, acceleration by the eletric field and
radiation energy loss. This set is complemented by specialized codes, for example the code
calculating the quasi-linear interaction of a runaway electron beam and fast electron waves in
homogenous plasma approximation.
With the use of this latter code, linear instability threshold of whistler waves
destabilized by runaway electrons in the near-critical electric field limit was determined. This
required some generalizations, but results remained consistent with previous calculations for
the high electric field limit. Having relaxed the electro-magnetic approximation in the
dispersion relation of fast eceltron waves, a new extraordinary electron wave was
investigated and found to could be susceptible for destabilization.
As a preparation for a combined, comprehensive runaway electron simulation tool,
both ARENA and GO were rewritten in modern FORTRAN90 and C++ respectively. The
ARENA code was also integrated into the Kepler framework of the Integrated Tokamak
Modelling Task Force and partially benchmarked to the LUKE code.
The GO code was used to calculate the effect of wall impurities on RE generation in JET
disruptions featuring the old CFC wall and similar disruptions with the new ITER-like wall
(ILW). Good agreement was found with experiments by tuning the simple diffusive runaway
electron radial transport modell used by GO.
A more accurate runaway electron transport simulation was performed for different
ITER RMP configurations using the ANTS code. Access to 3D ITER first wall denied, so
spatial structure of runaway electron losses on the separatrix was studied instead. Strong loss
patterns were detected with losses concentrated both toroidally and poloidally in regions
featuring strong edge radial magnetic field components caused by the RMP perturbations.

Figure 13. ITER RMP coils in an n=3 configuration favourable for runaway mitigation
and regions of the separatrix with strong runaway losses marked with red dots.
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UNIVERSAL FUNCTIONAL FORM OF ATOMIC ELASTIC CROSS SECTIONS.
THE CASE OF THE HYDROGEN TARGET.
K. Tőkési, P. Salamon
ATOMKI
Collaboration: Institute for Theoretical Physics University of Innsbruck, Innsbruck, Austria,
Max-Planck-Institut für Plasmaphysik, Garching, Germany
Contact E-mail:tokesi@atomki.mta.hu

For the accurate simulation of the processes in the active fusion reactor - within the
framework of the international nuclear fusion and engineering project, ITER (International
Thermonuclear Experimental Reactor) - numerous atomic, molecular, nuclear and surface
related data are required.
Mathematics is the universal language of all natural sciences, in particular of the theoretical
physics. Since the same mathematical problem, e.g. for example the smoothing of either the
measured or calculated data can appear in various fields of sciences.
In this work the angular differential electron elastic cross sections of hydrogen atoms for a
wide range of incident electron energy and in the entire angular range were calculated using
the code described in Ref. [1], where the partial expansion method is applied to obtain cross
sections.
The aim of the present work was to develop a universal functional from of elastic cross
sections for the case of hydrogen target.
According to our fitting procedure the best fit function y=F(x,z) is given as [2]:
p

F ( x, z )   C j ( z ) x j

(1)

j 0

where
q

C j ( z )   dl , j z l

(j = 1, … ,p)

l 0
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(2)

Fig. 14. shows the elastic cross sections at 100 eV and 10 keV to verify the goodness of our
universal functional form.

Figure 14. Elastic scattering cross section as a function of the scattering angle. The symbols represent
the calculations according to Ref. [1]. Circles: E=100 eV, Diamonds: E=10 keV. The solid lines: cross
sections according to Eq. (1).

References
[1] F. Salvat, R. Mayol, Comput. Phys. Commun. 74 (1993) 358.
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III. PLASMA DIAGNOSTICS
SIMULATION OF BEAM EMISSION DIAGNOSTICS WITH RENATE
D. Guszejnov, G. Pokol, D. Réfy, R. Tóth
BME
M. Lampert, S. Zoletnik
Wigner RCP
Collaboration: NFRI, EAST
Contact E-mail: pokol@reak.bme.hu

RENATE is a beam emission synthetic diagnostic simulation tool developed at
BME NTI, which is capable of simulating both the absolute photon flux on the detectors and
the spatial resolution for complex beam and observation geometries. In 2012 RENATE
simulation for the KSTAR heating beam BES system was compared to measurements
finding good agreement, thus providing a validation for the simulation code.
Besides the KSTAR heating beam BES system, JET and EAST lithium beam BES
systems were also modelled. The modelling for JET aided the interpretation of measurement
results, while the modelling for EAST formed tha basis of a feasibility study of a future
diagnostic system.

Figure 15. Measured and simulated photon currents for individual detector channels for
KSTAR #6123 at 1744 ms. The detectors are sorted into a 4 x 8 matrix, indexing start from the detector
of the first row observing the innermost part of the plasma. The error estimates are high due to
inaccurate input data and experimental uncertainties.
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DESIGN AND MODELING OF RADIATION SHIELDING
FOR MAST BES DETECTOR
D. Dunai
Wigner RCP
Contact E-mail: dunai.daniel@wigner.mta.hu

The aim of this task was to start preparation for the MAST Upgrade when larger NBI power
was expected to be available which might increase the radiation induced noise in the BES
detector. However, the experiments on a copy of the MAST BES detector with two heating
beams revealed that the radiation effect did not increase dramatically compared to the one
beam case. Additionally plans to increase the MAST heating power were cut back therefore a
radiation shielding for the MAST BES detector is considered to be unnecessary.

INSTALLATION OF NEW HIGH CURRENT Li-ION SOURCE
IN VARIOUS Li-BEAM DIAGNOSTICS
S. Zoletnik, S. Bató
Wigner RCP
Contact E-mail: zoletnik.sandor@wigner.mta.hu

A new Li-ion source has been developed in Wigner RCP during the past years. It
was planned to be installed in JET, COMPASS and other Li-beam diagnostics. It was indeed
installed on COMPASS, but on JET it turned out that the heating power of the ion source
cannot be reduced so much to fit into the capability of the high voltage transformer.
Therefore the JET EP2 project was extanded to include replacement of the transformer and
installation of new computer controlled heating equipment. This work will be completed in
2013 when the Li ion source will also be installed.
Meanwhile design of the KSTAR/EAST Li injector started and these systems will use the
new ion source.

CONSTRUCTION OF ASDEX UPGRADE Li-BES TURBULENCE
MEASUREMENT SYSTEM
G. Veres, T. Ilkei, S. Zoletnik
Wigner RCP
Collaboration: IPP Garching
Contact E-mail:veres.gabor@wigner.mta.hu

The new in-vessel optics was commissioned, and the first measurements done. The
light intensity obtainable with the new system was found to be much larger than that one
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obtainable with the old one. The following Figure (shown with the kind permission of IPP,
Willensdorfer et al, accepted in PPCF) depicts the difference in the photonic noise levels: left
Figure - old setup, right Figure - new setup. The reduction of the photonic noise is clearly
apparent.
The light intensity was assessed in measurements with a few-channel photomultiplier
system and it was concluded that about 109 photon/s light flux can be expected. This is
suitable for avalanche photodiodes, therefore a copy of the 32 channel MAST BES APD
detector was purchased from Adimtech Kft. An optical design was prepared to enable
measurement with limited costs; using commercial lenses and an existing interference filter.
This limited the number of channels to 9. Such a setup has been built and will be tried during
the ASDEX Upgrade campaign.

Figure 16. Comparison of the lines emissions of Li atoms obtained with the old observation optic
(left plot) and the newly installed observation optic (right plot).

CONSTRUCTION OF KSTAR FLUCTUATION BES SYSTEM
S. Zoletnik, M. Lampert
Wigner RCP
Á. Kovácsik, A. Czopf, G. Erdei
BME
Collaboration: NFRI, Daejeon, South Korea
Contact E-mail: zoletnik.sandor@wigner.mta.hu

A trial BES diagnostic was installed on KSTAR in 2011. Measurements revealed that at least
edge plasma turbulence measurements are possible but a more efficient optics with better
filtering is needed. As KSTAR has limited diagnostic capabilities for the edge density it was
agreed that a Li-beam system would be built which injects the Li-beam into the same volume
where the BES optics looks. All hardware development and procurement costs were funded
by NFRI, Euratom provided some baseline support for the design and mobility for
installation and measurements.
The final optical setup of the diagnostic was prepared. It consists of a set of large diameter
(~150 mm) lenses which relay light out of the long port. A few percent of the light is coupled
to a CCD camera to provide image for spatial calibration of the diagnostic and also do slow
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measurements in 2013 on the Li-beam system. Most of the light is transmitted into a 32
channel (4x8) matrix APD detector array. (Copy of the MAST BES detector.) This system
was built and installed on KSTAR in September 2012.
During operation it was found that the CCD camera started to be damaged by neutrons and
therefore it will have to be replaced for the next campaign.

Figure 17. Optical design of the KSTAR BES system.

DESIGN OF A Li-BEAM SYSTEM FOR KSTAR AND EAST
S. Zoletnik, G. Anda, J. Németh, T. Krizsanózci
Wigner RCP
G. Pokol
BME
Collaboration: NFRI, Daejeon, South Korea, ASIPP, Hefei, China
Contact E-mail: zoletnik.sandor@wigner.mta.hu

A Li-beam injector is being designed for use on KSTAR and EAST and potentially later on
EU fusion experiments as well. The design, construction work and hardware is paid for by
the korean and chinese collaborators, Euratom only provided a small manpower for the
concept development and physics modeling.
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The beam injection was modeled using the RENATE code which gave us the expected
photon flux and spatial resolution.
The engineering design uses the newly developed high-current Lithium ion source and a new
recirculating Sodium neutralizer cell. This latter was desinged in a way to enable longer
pulses without large Sodium loss. The beam design incorporates a number of beam
diagnostic components in order to enable checking all components of the system remotely.

Figure 18. Engineering design of the KSTAR/EAST Li-beam system.

TABLE TOP PELLETINJECTOR (TATOP) FOR IMPURITY PELLETS
T. Szepesi, G. Kocsis, J. Németh
Wigner RCP
Collaboration: IPP Garching
Contact E-mail:szepesi.tamas@wigner.mta.hu

Experiments on ELM triggering by cryogenic Deuterium pellets are presently
hampered by the relative large size of the pellets compared to the confined plasma. When
trying to produce mm or sub-mm size cryogenic pellets, technical limitations have been
reached, directing attention to solid state pellets for further volume reduction.
A small, portable injector for solid state pellets (TATOP) has been designed by
Wigner RCP to address the above issue. After the first prototype tests, various modifications
to the hardware have been made. By using an advanced stop cylinder design, the scatter of
the launched pellets was reduced from 13° to 5°, allowing for the efficient collecting of the
pellets. The collection tube was also re-designed in order to minimize speed reduction.
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Additionally, the device was given a new control system, designed from scratch,
including both hardware and software. The first tests of the TATOP are foreseen at the end
of the ASDEX Upgrade 2013 campaign.
IMPROVEMENTS IN THE TOMOGRAPHICAL PROGRAM USED FOR PROFILE
RECONSTRUCTIONS
B. Tal
Wigner RCP
Collaboration: CRPP Lausanne
Contact E-mail: tal.balazs@wigner.mta.hu

The tomographical algorithm that had been implemented in 2010 is further
developed: the numerical core of the program is replaced, boundary conditions are modified
and the routines are tested in a realistic environment.
Considering the numerical solver, the new version of the program is


The innermost one consists of a least-square minimization of a matrix equation
supplemented with the positivity constraint. This step is transformed to a quadratic
programming exercise, which is solved with the commercially available
Optimization toolbox of Matlab. This routine retrieves a regularization parameter
dependent radiation profile.



The regularization parameter is determined according to the discrepancy principle.



In order to perform minimum Fisher regularization the objective matrix is weighted
with the inverse pixel intensities in the outest loop.

To avoid the appearance of artificial radiations patterns near the tokamak wall the
boundary conditions for second order derivatives are modified: the formulas applied inside
the calculation domain are used on the edges with the assumption that radiation takes the
same value outside as on the boundary. This is an ad hoc condition since a different one is
used for the first order derivatives.
To test reliability of the program radiation profiles taken from SOLPS simulations are
used: one with attached divertor conditions i.e. when radiation is peaked at the strike points
on the calculation boundary and one with detached conditions i..e. when significant radiation
is emitted along the separatrix. These phantoms are shown in the first column of Fig. 19.
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Synthetic
signals
are
generated
from
the
phantoms by multiplying
them with the transfer
matrix belongs to the
detector systems and then
by adding random errors to
them.
The
obtained
artificial signals are fed to
the tomographic routine.
The retrieved profiles are
depicted in the second
column of Fig. XX for the
AXUV geometry and in the
third column for the foil
bolometer geometry.
The qualitative agreement
between the phantoms and
their reconstructions is
visible although the peaks
are blurred and the weak
and
narrow
radiation
pattern along the separatrix
below the midplane is not
reconstructed
in
the
detached case.

Figure 19. Pixel-averaged radiation profiles (W/m3). (a)
and (c): attached and detached phantoms, (b) and (e):
corresponding reconstructions for AXUV geometry, (c)
and (f): corresponding reconstructions for foil bolometer
geometry. The radiation level is less than 5 percent of the
maximum intensity in the white regions. Solid green
lines: separatrices. Radiated power in the total volume is
indicated above the profiles.Phantoms are obtained from
M. Wischmeier's thesis.

Quantitatively,
the
inversion process can result
in deviations from the real
total radiated power up to
25 percent if a sharp peak is
located at the calculation
boundary. However, if the
peak is wide and it is present inside the calculation zone, the accuracy can be as low as some
percents. These statements are corroborated with several additional numerical tests, too.
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DEVELOPMENT OF ACTIVATION FOIL DIAGNOSTIC FOR LOST FAST
PARTICLES
A. Fenyvesi,
ATOMKI
G. Bonheure
LPP-ERM/KMS
Collaboration: IPP Garching
Contact E-mail: Fenyvesi.Andras@atomki.mta.hu

Different approaches have been suggested for measuring fluxes of charged ions
escaping fusion plasmas. The feasibility of an activation technique for this purpose has been
validated at JET. Preparations have been made for testing the feasibility of the activation
technique at DD plasmas produced in ASDEX Upgrade tokamak, too.
A graphite sample holder has been fabricated at IPP Garching. The sample holder has
a graphite shielding cylinder with a slit. Mechanical testing of the units and installation of the
activation samples have been completed and the necessary modifications have been done.
4 sets of natB4natC, natLiF and natYnatVnatO4 (2 pcs/set each) samples were cleaned and inserted
in the 4 channels of the graphite sample holder. The assembled unit was stored in the
manipulator laboratory until the irradiation can be done in the vacuum chamber using the
mid-plane manipulator of ASDEX Upgrade tokamak. A new adapter unit had to be
fabricated at IPP Garching to attach the sample holder to the end of the manipulator.
The planned irradiation experiment was rescheduled at AUG for 2013.
Collection of the available relevant experimental, theoretical, evaluated and recommended
excitation function data has been started. Critical review of the data and compilation of new
data sets had to be done in all cases.
A search has been started for finding further nuclear activation reactions that would be
suitable for measurement of fluxes of escaping ions via the activation method.
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RADIATION RESISTANCE TESTING OF BOLOMETERS
DEVELOPED FOR FUSION REACTOR
M. Balaskó, A. Horváth, L. Horváth, G. Patriskov
MTA EK
Contact E-mail: Akos.Horvath@energia.mta.hu

ITER, the fusion experiment which is currently being built in international
cooperation in Cadarache, southern France, is aimed to demonstrate the physical and
technological feasibility of fusion as an energy source. As such, all components and
diagnostics will be subject to more demanding boundary conditions than in any active fusion
experiment. In particular the high neutron fluxes expected in ITER require the development
of radiation resistant diagnostics. One of the diagnostic devices, a bolometer, was tested at
the radiography station of Budapest Research Reactor, using mixed neutron and gamma
radiation. The work was done in cooperation with the Max Planck Institute für Plasmaphysik
(IPP) in Garching, Germany. The purpose of the test is to prepare future irradiations in the
vertical irradiation channels, define conditions for the vacuum capsule, cabling, temperature
control, data acquisition. The test also provided preliminary information on the radiation
toughness of the bolometer.
Description of the experimental conditions
A horizontal channel at the Budapest Research Reactor was used for the
investigations. A dedicated test rig was designed and installed on a moveable table. The
bolometer chips were mounted on a plate providing temperature control, and measurements
(Fig.1.). In addition to the tests using in-situ measurements, a detector prototype was placed
in an irradiation channel and exposed to higher neutron fluences but without being
electrically contacted and thus without in-situ measurements. This test was intended to get a
verification of its irradiation stability at higher neutron doses. The design of the experiment
was supported by neutron physics calculations.
During the complete irradiation cycle the resistances of all 4 detector channels could
be monitored. The measured values follow closely the signal of the temperature at the
detector holder. The pressure in the chamber was 13-17 mbar, the temperature was 60 ⁰C, the
accumulated fast neutron dose was 3.6x1012 n/cm2. The resistances before and after
irradiation were evaluated on the bolometers, and no significant deviation has been found.
The detector passed the irradiation test perfectly.
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Figure 20. Mounting the bolometer chips and connecting the cables.
Vacuum and temperature was recorded during the irradiation

INTELLIGENT CAMERA DEVELOPMENT AND INTEGRATION FOR THE
WENDELSTEIN 7X STELLARATOR EXPERIMENT
S. Zoletnik, T. Szabolics, T. Szepesi, G. Kocsis
Wigner RCP
Contact E-mail: zoletnik.sandor@wigner.mta.hu

Wigner RCP is developing a 10-camera overview diagnostic system for the
Wendelstein 7-X stellarator. For this a real-time processing camera has been developed
which can withstand high magnetic field, radiation and fits into the limited space in the Qports of the stellarator. The hardware of this camera was operational since years and it was
used on the COMPASS and ASDEX Upgrade experiments, but for the final W7-X
application real-time processing algorithms are being developed. This year the multiple
Region Of Interest handling capability was developed and the Application Programming
Interface (API) was developed.
For the camera installation the docking station (which fixes the camera at the end of
the 2 m long bent Q-port) has been redesigned due to a change in the mechanical layout of
the Q-port. The mechanical components for all 10 camera will be manufactured in 2013 and
the installation of the system is planned for 2014.
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IV. FUNDAMENTAL UNDERSTANDING OF FUSION
PLASMAS
COHERENT VORTEX INTERACTIONS IN 2D MAGNETIZED TURBULENT
ELECTROLYTE. LABORATORY EXPERIMENT
L. Bardóczi, A. Bencze
Wigner RCP
M. Berta
SZE
Contact E-mail:bencze.attila@wigner.mta.hu

Turbulent transport in magnetic fusion plasmas can be significantly suppressed by Reynoldsstress induced zonal flows, allowing effective plasma confinement. We present the first
experimental evidence of spatiotemporal correlation between small scale turbulence induced
Reynolds stress and large scale zonal flow production in the ExB driven hydrodynamic
spectral condensation. We have shown that Reynolds stress is generated effectively by
anisotropic vorticity structures possessing collective tilt angle.
The maximum amplitude of the tilt, the Reynolds stress and the mean zonal flow production
coincide with the transition time of the velocity field, indicating a key role of turbulence
induced Reynolds stress in the condensation of the flow. The analysis of the energy transfer
between turbulence and zonal flow shows coherent oscillations with phase delay thus
indicating predator-prey--like interaction between zonal flow and turbulence.

Figure 21. Some of the recent results obtained from the 2D electrolyte measurements.

(top-left): Correlated change of the Reynolds stress and the radial integral of the negative of
mean azimuthal flow production. (top-a,b,c): Flow images averaged over 0.3 s around 1 st sec
(a), 15th sec (b) and 40th sec (c).( bottom-left): Time trace of turbulence and zonal flow
energy in the stationary regime. (bottom-right): Cross-correlation function of turbulence and
zonal flow energy indicates - mean phase.
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A series of experiments have been carried out with thin fluid layers in a similar experimental
set-up that has been presented in a previous work. 5 mm thick NaCl-water solution was
placed in a container of 10x10 cm. A matrix of permanent magnets (diameter of 0.5 cm, Bmax
~ 0.3 T) was placed below the container in a matrix such that the axis of magnetization was
alternating and parallel to the xy-plane. The z-coordinate of the magnets was varied in a
range of 1 mm, thus creating a small anisotropy in the system which results in a anisotropyc
forcing of the system. A constant electric current was driven through the fluid layer by
applying uniform electric field in the x-direction using two metal electrodes located at the
two edges of the container. As a result a matrix of counter rotating ExB driven vortices were
generated initially.
The experimental work performed has identified all the important ingredients of the
turbulence-generated shear flow system. It was oserved that the original instability creates
collectively tilted turbulent structures, which can induce Reynolds-sress with finite radial
gradient gradient. This gradient, according to the Diamond-theory, drives azimuthally
symmetric shear flow. This flow, in turn, suppresses its own generator, namely the smallscale turbulence. The detailed mechanism of how the primary instability can create nonrandom (correlated) tilt angel remains for further theoretical and experimental investigations.

V. EMERGING TECHNOLOGIES
This part of the Annual report 2012 describes the work done under the Contract of
Association and under the framework of the EFDA tasks. The EFDA tasks obtained by the
Association were somewhat different than planned. The activities of the Contract of
Association differ somewhat from the original Work Programme. DEMO remote handling
activities were cancelled and the design work on the HELOKA facility at KIT stopped due to
delay of the facility. On the other hand, nuclear calculations related to the DEMO tritium
breeder technology were reinforced.
STUDY THE LOW ALLOYED STEEL CHARACTERISTICS FOR FUSION
DEVICES
A. Kovács, F. Gillemot, M.Horváth, A. Horváth
MTA EK
Gy. Török
Wigner RCP
Contact E-mail: Attila.Kovacs@energia.mta.hu

The high heat resistant and high strength structural materials are among the key
components of the future fusion reactors. Ferritic steels, specially designed for the needs of
the power industry with Cr-Mo-V alloying elements, are providing the necessary creep
resistance even at high temperatures. The radiation resistance of this material has been
studied in our laboratory for several years. Recently we continued our investigations towards
the nanoscale modification of commercially available ferritic steel with the addition of oxide
particles in the matrix. 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.
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Development of oxide strengthened ferritic steels has been launched three years ago with the
fundamental studies concerning the optimization of the mechanical milling process. The
quality of the powder and the sintered steel was evaluated in various microstructure studies.
In order to investigate the radiation resistance at high temperature, an in-pile
experiment with post irradiation examination was prepared. At the Budapest Research
Reactor, two gas cooled irradiation rigs (BAGIRA 1 and 2) have been operated since 1998.
The devices served more than 12 years. The material aged by irradiation and corrosion, and
their capacity couldn’t satisfy the up-to date requirements of the newly developing materials.
Description of the new device
The new device is called Budapest Advanced Gas-cooled Irradiation Rig with
Aluminium structure 3, BAGIRA3 (Fig.1.). The main features are:
-

-

-

The rig capacity is 36 Charpy size specimen (appr. 1200 gr steel) or similar. The
specimen sizes and shape can be varied according to the requirements, since only the
target simple holder has to be changed.
The maximum fluence rate is 1-5*1013 n/cm2 E>1MeV (approximately 0,5 dpa/year).
The irradiation rig is shielded with boron carbide, to filter the thermal neutrons, reducing
the activity of the irradiated specimens and the nuclear heating. Reduced target activity
decreases the cost of the test or transportation of the irradiated specimens
The rig design allows irradiation creep or irradiation-low cycle fatigue study

Figure 22. Target holder, filled with specimens

Twelve different safety tests performed successfully, and the Hungarian National Safety
Authority permitted the installation into the reactor. The rig operates from January 2013 in
several research projects.
Microstructure investigations
Evolution of microstructure was investigated in selected high chromium Fe-Cr ODS
steels using small angle neutron scattering (SANS) at the Budapest Neutron Centre, focusing
on the α- α′phase separation. SANS is a suitable, non-destructive, technique for studying
precipitation in ferromagnetic steels at nanometer scale. Advantage of the SANS is that the
average characteristics (mean size, total volume fraction) of the particles can be obtained
from macroscopic volumes of several hundred mm3. The ratio of the magnetic and nuclear
scattering intensity provides additional information about the composition of the precipitates.
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SANS is particularly powerful inthe case of study the α′phase separation because of the large
difference between the neutron coherent scattering lengths of Fe (9.45x10 -15m) and Cr
(3.635x10-15m). Investigations will be continued on the irradiated steel samples.

References
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MOLECULAR DYNAMICS SIMULATION OF IRRADIATION
IMPLEMENTATION OF INTERATOMIC POTENTIALS FOR THE BE-W AND WW INTERACTIONS INTO THE DL_POLY CODE
A. Fenyvesi,
ATOMKI
Collaboration: KIT
Contact E-mail: Fenyvesi.Andras@atomki.mta.hu

The aim was the development of the framework available at MTA Atomki
(Debrecen, Hungary) for classical molecular dynamics simulations to enable simulation of
interactions of Be and He atoms with surfaces of Be and Be-W materials.
Tersoff-like interatomic potentials for the Be-Be, Be-W and W-W interactions have
been taken from the literature [1]. The potentials have been implemented into the DL_POLY
MD code. The implementation of the potentials and the consistency of the input files have
been tested via performing run tests using 42 processors of the spider.atomki.hu PC Linux
cluster of MTA ATOMKI.
[1] Björkas, C. et al., J. Phys.: Condens. Matter 22 (2010) 352206 (6pp)
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MATERIAL COMPOSITION OPTIMIZATIONS IN THE APPLICATION
OF THE SECONDARY CHARGED PARTICLE ACTIVATION METHOD
FOR TPR MEASUREMENTS
I. Rovni, M. Szieberth
BME
Collaboration: EUROBREED GOT project
Contact E-mail: szieberth@reak.bme.hu

EUROBREED is a goal oriented training project with 8 participating institutes
having their own work packages. Our work package is the WP5: “Measurement techniques
development for breeding blankets”. The main emphasis is put on the passive neutron
diagnostics for measuring the neutron spectrum, the tritium production rate (TPR), heat load
etc.
Monitoring the amount of the produced tritium is fundamental to verify that the fuel
cycle is self-sustainable and the breeding ratio is above unity. The secondary charged particle
activation method (SCPA) is one of the passive diagnostic methods dedicated for measuring
the tritium production rate (TPR). In the SCPA method a sample containing two main
components is irradiated: a target (in our case this is 6Li or 7Li), which produces tritons and
an indicator nuclide, which has a relatively high cross-section for an incoming triton. During
the neutron irradiation of such a sample, 6Li and 7Li produce tritium (primer activation). The
energy of the emitted triton is high enough to cause charged particle activation reactions on
the so-called indicator nuclei (secondary activation). After being irradiated, the activity of
the produced radioactive nuclei can be determined using -spectroscopy.
This measurement method has been successfully demonstrated and optimized in the
case of the powder mixtures of Li2CO3, MgO and S powders. The pellets of such a material
mixtures were irradiated in the Training reactor of BME-NTI, and the epxerimental results
have been compared with simulations using MCNPX. The comparison of the 26Mg(T,n)28Al,
26
Mg(T,p)28Mg, 26Mg(T,p)28Mg—−→28Al, 32S(T,n)34mCl and the 16O(T,n)18F reactions in
the case of experimental results are shown in Fig. 1.1 and in Fig. 1.2. The 16O(T,n)18F
reaction is clearly the most efficient if a few minutes are available for irradiation and the
cooling time is less than a few hours.
However, for long irradiations and long cooling times, the 26Mg(T,p)28Mg reaction is a better
choice. There is no unique answer to the question regarding which reaction should be
chosen. The answer always depends on the actual measurement conditions, such as
irradiation time and cooling time. To ensure the optimal measurement conditions for this
method, the implementation of a pneumatic rabbit system in the TBMs would be favorable.
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Figure 23. Comparison of the indicator nuclides with respect to their TPR measurement potential.
The figure contains only measured data, where the asymptotic net peak area, which corresponds to
an ideal measurement case, is normalized using the pellet weight.

Figure 24. Comparison of the indicator nuclides from the point of view of their TPR measurement
potential.
The figure contains only measured data: the triton induced reaction rate multiplied
by the monitor peak intensity.
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TRITIUM BREEDING RATIO CALCULATIONS IN BLANKET ELEMENTS
OF DEMO01 CONCEPT
I. Rovni, M. Szieberth
BME
Collaboration: DEMO PPP&T WP12-DTM-04-T04
Contact E-mail: szieberth@reak.bme.hu

In this work the tritium production rate calculations were performed for the 2006/08 DEMO
model using the MCNP5 program. The MCNP geometry of the model was designed within
the task of WP12-DTM04-T02. The aim of the simulations presented here was the proof of
the tritium self-sufficiency in such a demo design. The source normalisation factor was:
6.106*1020 n/s.
The total blanket has been divided into 13 blanket segments (breeder units (BU)) along the
polloidal angle as shown in Fig. 1.3. Tritium production rates (TPR) have been calculated at
the front, at the main and at the manifold system (MS) region in each breeder unit. Tritium
produced from 6Li has been separately calculated from tritium produced from 7Li. It has been
pointed out, that the contribution to the tritium production of 7Li in different parts of the BUs
is 3 orders of magnitude lower than that of 6Li. This is caused by the enrichment and the
moderation of the neutron spectrum. The contributions of the different BU’s to the total
tritium breeding ratio (TBR) are shown in Table 1.1. The main outcome from this
investigation was, that the global TBR of 1.08 has been reached and the calculated TBR
value includes a contribution of 0.0264 by the manifold system. It is worthy noting, that the
cut of the lower outboard module (No. 13.) in order to enable the horizontal removal of the
divertor cassette caused the reduction of the total TBR by ~0.05.

Figure 25. Vertical cross-section of provisional MCNP model for HCLL DEMO
with the reference numbers of the blanket positions. Geometry: 08.09.2012.
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Table.1 TBR values in the different parts of the blankets. Geometry and MS material:
18.12.2012.
BU
1
2
3
4
5
6
7
8
9
10
11
12
13
Total

front
1.082170E-3
1.106815E-3
8.964840E-4
1.103427E-3
5.063156E-4
4.536089E-4
9.441038E-4
1.831510E-3
2.192239E-3
2.415564E-3
2.412268E-3
2.184101E-3
1.847812E-3
1.897642E-2

main
5.197410E-2
5.081276E-2
4.098151E-2
4.988575E-2
2.510431E-2
2.441722E-2
5.505331E-2
1.043777E-1
1.284922E-1
1.417374E-1
1.419301E-1
1.285823E-1
8.886923E-2
1.032218E+0

MS
3.474498E-3
1.716726E-3
1.720894E-3
2.382102E-3
2.478349E-3
2.810834E-3
1.396084E-3
2.113419E-3
1.929424E-3
1.332085E-3
1.388583E-3
2.219498E-3
1.451349E-3
2.641384E-2

AUTOMATED CODE SYSTEM FOR ACTIVITY CALCULATIONS FOR DEMO
D. Horvath, I. Rovni, M. Szieberth,
BME
Collaboration: DEMO PPP&T WP12-DTM-04-T08
Contact E-mail: szieberth@reak.bme.hu

This work aimed two main objectives: a) an activation analysis of the blanket of the DEMO
model established for the WP12-DTM04 task, b) limited comparison of results using the two
mainstream European inventory computation codes: FISPACT and ACAB. The work has
been performed as a collaboration of the institutions UNED (Spain) and BME (Hungary), as
associated members of CIEMAT and HAS, respectively. The basis of the activation analysis
is the neutron source, geometry and material compositions of a DEMO model, as provided
by KIT in task WP12-DTM04-T02.
All of the blankets have been investigated and activation data were provided for them,
however one specific module was chosen for comparing the two mainstream current
activation methodologies in Europe. The two authoring groups of this work performed the
analysis separately. UNED used a combination of MCNP/ACAB while BME relied on a
MCNP/FISPACT methodology. The duplication of the transport calculations with MCNP
served also as a double checking of the produced results.
The irradiation scenario is defined as follows: a) 5.2 years minus one week of continuous
operation at 30% power, followed by, b) 35 4.8h pulses (one week) as described above (0.8h
stop + 4h operation). The irradiation scheme ends in the finish of a 4h operation period at
100%, thus maximizing the amount of short lived radioisotopes.
BME has developed an automated code system, which is capable to calculate the activities at
a predefined time point at several positions of each breeder unit. The code systems works
according to the folloings. Two separate MCNP run is necessary: in the first step the tally
volumes need to be determined, while in the second step the neutron flux and its spectrum is
calculated in these tallies. Then the flux values, the material compositions and the irradiation
scenario serve as input data for FISPACT, which calculates the activity coming from
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different nucliedes at specified time points. Auxiliary programs have been also written for
managing the data flow between the main programs and for taking out the final results from
the output. The calculations made by BME and UNED groups are in good agreement. One of
the outcomes of these calculations can be seen in Fig. 26., which presents the residual heat of
the whole reactor after 5 fpy irradiation. Fig. 27. shows the contribution of the nuclides to the
total activity in the breeder material after 105 sec cooling time.

Figure 26. Activity of blanket 3 full at its different segments in the function of the cooling time.

Figure 27. Activity of the nuclides having more than 1% contribution to the total activity of the breeder
at 105 sec cooling time. The sum of the activity of these nuclides is more than the 95% of the total
activity.
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VI. KEEP IN TOUCH ACTIVITIES IN INERTIAL
FUSION ENERGY
KEEP IN TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY
I.B. Földes, A. Barna, M. Aladi
Wigner RCP
Collaboration: University of Szeged, MPQ Garching
Contact E-mail: foldes.istvan@wigner.mta.hu

After the building reconstruction at the University of Szeged the experiments in the
HILL laboratory and the laser moved in a new laboratory room. In this year the KrF laser
was used without the final amplifier, i.e. the laser energy on the 248 nm wavelength was 15
mJ in 62010 fs pulse duration. The main efforts were directed towards providing clean
experimental conditions. Experimental and theoretical work was carried out on the active
spatial filtering method to exclude prepulses from the ASE of the laser amplifier and the
corresponding experiences show that 104 contrast improvement is possible with this method.
As the laser will be focused by an off-axis parabolic mirror, special care was taken toward
beam pointing stabilization for which a new stabilizing system was developed.
In the Wigner Research Centre (WRC) a new Ti-sapphire laser of 35fs pulse
duration and 4 mJ energy was installed and experiments started in which short wavelength
radiation up to the 35th harmonics were generated.
Pulse contrast improvements
In our previous report (2011) a new method was reported in which introducing
phase modulation in the Fourier-plane of a confocal arrangement may result in simultaneous
spatial and temporal filtering. The principle of the method is illustrated in Fig.28. A beam
stop is situated in front of the focusing lens in the center of the beam and a conjugated
diaphragm in the output. If there is no nonlinearity in the focus (for the weaker prepulse) no
energy is coming through. In case of a phase shift of λ/2 in the focal plane - caused by selffocusing in laser plasma in a pulsed gas-jet - the constructive interference causes that most of
the beam is coming through the aperture.

Figure 28. Principles of pulse contrast improvement with phase modulation

The experimental results confirm the expectations. As shown in Fig. 29 in case of a phase shift really a
large part of the incoming energy is coming through the diaphragm. More than 40% throughput was
observed which allows due to the high cleaning effect up to 10 4 contrast improvement in case of
applying this method before the final amplifier.
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Figure 29. The incoming annular beam and the constructively enhanced throughput

Beam pointing improvement
High pointing stability is essential for laser plasma interactions, especially in case of tight
focusing for obtaining extreme high intensities. A beam-pointing stabilization instrument
was built for a KrF laser system. The control of the spatial position of the ultrashort laser
beam was achieved with the help of a special position-sensitive detector and a DC Motor
Driver. With beam stabilizing the laser shots have a deviation of ~33 μrad, sufficient to keep
the pointing stability for obtaining a less than 1 μm focal spot. As far as we know, this device
is the first beam stabilizing system for KrF lasers.
High harmonics from gases and clusters in the WRC
A new small vacuum chamber was set up for the experiments in the new laboratory of the
WRC in which high harmonics from gas jet targets are studied. A toroidal holographic
grating provided the spectral resolution. In the first experiments - using Ar gas - odd
harmonics up to the 21st order were detected (Fig. 30), and the subsequent experiments
showed harmonics up to 35ω. The forthcoming experiments aim to investigate cluster targets
as well.

Figure 30. High harmonics from Ar gas
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VII. OTHER ACTIVITIES
SUMMER TRAINING COURSE ON EXPERIMENTAL PLASMA
PHYSICS (SUMTRAIC) 2012
M. Berta
Széchenyi University
D. Réfy
Wigner RCP
Collaboration: IPP-Prague
Contact E-mail: bertam@sze.hu
The 10th Summer Training Course (SUMTRAIC) on Experimental Plasma Physics, was
jointly organized with the EURATOM Association IPP.CR between 27 August and 7
September on the COMPASS tokamak in Prague.
These series of summer courses are distinguished by their special emphasis put on
introducing the students to
• 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 COMPASS (spectroscopy, visible light
imaging, Langmuir probes, magnetic diagnostic); and students’ talks about the results of
their measurements.
Among the many other students and Czech supervisors, under the guidance of 2 Hungarians,
3 Hungarian students were participating on the course.

Figure 31. Example of the picture taken by EDICAM fast camera and used by students for plasma’s
visible radiation reconstruction in 2-dimension
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DEVELOPMENT OF FUSION EDUCATION
G. Pokol, L. Horváth, G. Pór
BME
Collaboration: Czech Technical University, IPP CAS
Contact E-mail: pokol@reak.bme.hu

In 2012 curriculum of fusion-related courses was reviewed with the aim to comply
with FUSENET recommendations for the European Fusion Master Certificate. This resulted
in the introduction of a new 6 ECTS MSc course of advanced level experimental fusion
plasma physics. Development of written course material for this new course was strated
along with corse materials for already existing courses with support of a Hungarian grant.
BME was one of the first partner institutes running laboratory measurements on the
GOLEM tokamak through remote opretaion, and the basic tokamak measurements laboratory
is now fully integrated in the compulsory laboratory series for Physics MSc students in the
Nuclear Techniques specialization. In 2012 a trial measurements were performed for an
advanced level laboratory exercise: plasma position and magnetic fluctuation measurements.
Based on the trial measurements the instructions for the new exercise were rewritten and
prepared for integration into regular laboratory courses.

Figure 32. Students at BME NTI performing measurements on the GOLEM tokamak
in Prague with remote operation.
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PARTICIPATION IN THE NUCLEAR TENT AT “Sziget Fesztival”
T. Szabolics
Wigner RCP
Contact E-mail:szabolics.tamas@wigner.mta.hu
At the last 7 years the Plasma Physics Department was at “Sziget” to show and tell
about it’s work for the people. It is very important to speak about Fusion development
because people are usually don’t know about anything but are curious. Sziget is one of the
biggest festival in Europe thus these kind of festivals are the best places to populize our work
because there are many kind of people from all age groups but mostly young people from all
over the world.
As always our tent was one of the most popular at “Civil Sziget” which is a place
inside Sziget for organizations to advertize their work.
We had questionaries for people who want to know more about Fusion and after
they finished the tests our colleagues corrected the tests with them and explained the good
and the bad answers as well. After they filled in the tests they got free gifts such as stamps,
condoms and a lottery ticket because we had a lottery every day and people could win Fusion
t-shirts.
In this year we also participated at other big festivals in Hungary for example
“VOLT”, “EFOTT” and “Hegyalja” too.
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