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INTRODUCTION 

 

With the beginning of 2021, EUROfusion entered the new framework 

programme Horizon Europe. I am very pleased to announce that the 

first year in the new programme has shown that Austrian fusion 

research is well integrated into the overall European effort. 

The pandemic is also a challenge for fusion research and ITER 

construction. Due to delays of suppliers, the target date for first plasma 

is delayed by approximately one year to 2026. Nevertheless, progress 

on the building site of the ITER facility continues to be impressive. We 

summarise the most important developments in chapter I. 

This brochure is intended to highlight the integration of Austrian fusion research into the European 

Fusion Research Programme and make successes visible. Also, in the new framework programme 

Horizon Europe, which started on 1.1.2021, the Austrian fusion research unit is involved to the same 

extend as in the last programme Horizon 2020. 

The largest part of Austrian fusion research is performed at university institutes, with approximately 

eighteen to twenty PhD students and their supervisors participating per year. Education and training 

of young researchers therefore continues to be an important objective of the Austrian fusion 

research programme, which is well recognized by the number of PhD theses supported within the 

EUROfusion work package Training and Education. Some theses completed in the period 2020/2021 

or near completion are presented in chapter II.3. 

As Austria does not have its own fusion facilities, opportunities to contribute to experiments and 

modelling at ASDEX Upgrade, TCV Tokamak and Wendelstein 7-X are vital for the successful 

participation of Austrian scientists in the fusion programme.  I would therefore like to commend the 

efforts by the EUROfusion Programme Management Unit and task leaders to schedule and manage 

the experimental campaigns under the work packages Tokamak Exploitation and Stellarator – W7X.  

I would also like to take this opportunity to congratulate my former PhD student Georg Harrer for 

winning one of the prestigious EUROfusion Researcher Grants. 
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Last, but not least I wish to thank all members of our Research Unit for their unbroken commitment 

and enthusiasm and the institutions listed below for their cooperation and support:   

 the Austrian Federal Ministry of Education, Science and Research 

 the President, Presiding Committee and staff of ÖAW, 

 the Austrian Commission for the Coordination of Fusion Research at ÖAW, and 

 the responsible officers of the European Fusion Programme. 

 

 

                                                                              
 
Vienna, January 2022         (Friedrich Aumayr 

   Head of Research Unit, Fusion@ÖAW) 
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I. ON THE ROAD TO FUSION ELECTRICITY 

ITER 

On 28. July 2020, the assembly phase of the ITER project officially started. Since then, construction 
has progressed rapidly and is now 75% complete. ITER is being built in international cooperation, 
with components delivered by the domestic agencies of all ITER partners (People’s Republic of China, 
European Union, India, Japan, Russian Federation, South Kora and United States of America). The 
plant is scheduled to start its operation by the end of 2026 at the earliest. 

On 20. June 2021, the 113-ton central 
solenoid left the factory in San Diego and 
arrived at the ITER construction site in 
September. It was supplied by the US 
company “General Atomics”. 

Source: www.iter.org 

 

 

ITER construction site in May 2021. 

Source: www.iter.org 

 

 

 

 

 

 

The European Domestic Agency – Fusion for Energy (F4E) 

F4E was established for a period of 35 years from 19. April 2007. Calls for tender, vacancies and up-
to-date information on the progress of the ITER project are published on the F4E website. 

Information for Austrian industry 

Harnessing fusion energy is an industrial effort to be backed up by targeted research. It is the task of 
the network of Industrial Liaison Officers (ILOs) to raise awareness among qualified companies and 
advise them on ways to get involved in the ITER project. In cooperation with the ILOs, F4E organizes a 
series of information days and seminars to report on the roadmap of different procurement 
packages and facilitate partnerships between companies. In Austria the function of ILO is performed 
by the Austrian Chamber of Commerce which acts as a contact forum for Austrian companies 
qualified for participating in high-tech industrial projects. 

EUROfusion 

The first plasma in ITER is expected to be generated in 2026 at the earliest. To prepare for the 
experimental campaigns at ITER, EUROfusion manages campaigns at European tokamaks such as JET 
(Culham, UK), ASDEX Upgrade (IPP Garching, Germany), TCV (Lausanne, Switzerland) and MAST 
(Culham, UK) and coordinates the advancement of the fusion research base. With a view to future 
fusion power plants, Wendelstein 7-X represents the largest device of the stellarator concept. Up-to-
date information about recent results, news and vacancies within the European fusion research can 
be found at www.euro-fusion.org. 

 

http://www.iter.org/
http://www.iter.org/
https://fusionforenergy.europa.eu/
http://www.euro-fusion.org/
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JET (CCFE, Culham, United Kingdom) 

Virtual vessel of JET with plasma  

Source:  https://www.euro-fusion.org/ 

JET at the Culham Centre for Fusion Energy 
(CCFE) is presently the largest tokamak in the 
world and the only fusion experiment in 
operation which is capable of producing 
substantial amounts of fusion energy. 
EUROfusion provides the work platform for 
jointly exploiting JET in an efficient and focused 
way, managing experiments at JET within the 
annual work programmes of the ITER Physics 
Department. 

In 2020, a deuterium-tritium campaign started at 
JET. The results provide physicists with important data for tokamak operation and the success of 
ITER. This campaign was a precursor for the next deuterium-tritium campaign (DTE2) which started in 
summer 2021 (July to September) and will provide crucial input for ITER operation. It was the most 
important experimental campaign since 1997 and until ITER starts up DT in 2035. Find the media 
coverage in Austria under the following link:  

https://www.oeaw.ac.at/fusion/aktuelles/detail/jet-europaeische-forscher-erzielen-fusionsenergie-
rekord 

Experiments at medium-size tokamaks (MST) managed by EUROfusion 

With the medium-size tokamaks programme, EUROfusion coordinates research on ASDEX Upgrade 
(AUG), TCV and MAST. This multi-machine approach is instrumental to progress in the field, as ITER 
and DEMO core/pedestal and scrape-off layer (SOL) are not achievable simultaneously in present day 
devices.  

Due to the Covid-19 pandemic, travel activities were restricted for the Austrian scientists since March 
2020. Therefore, they also participated in remote experiments or they converted their initially 
planned travel days to the machines into home laboratory hours.  

Also, in the new framework programme Horizon Europe, which started with January 2021, Austrian 
researchers are still actively participating in the experiments. In the new programme, they are now 
called tokamak exploitation (TE) instead of MST campaigns.  

ASDEX Upgrade (IPP Garching, Germany) 

The ASDEX Upgrade tokamak produced its first plasma on 21. March 1991. Therefore, the facility 
celebrated its 30th anniversary in 2021. In 2002, ASDEX Upgrade was opened to use by fusion 
laboratories from all over Europe. In 2014, joint exploitation started in the framework of the Medium 
Size Tokamak Programme (MST) of EUROfusion. A reconstruction starts in 2022 to prepare the 
ASDEX Upgrade tokamak for future experiments. 

Photo exhibition “30 Jahre ASDEX Upgrade” in the subway 
station in Garching near Munich (2.4.-29.6.2021) 

Source: Julia Sieber/IPP 

 

 

 

 

https://www.euro-fusion.org/
https://www.oeaw.ac.at/fusion/aktuelles/detail/jet-europaeische-forscher-erzielen-fusionsenergie-rekord
https://www.oeaw.ac.at/fusion/aktuelles/detail/jet-europaeische-forscher-erzielen-fusionsenergie-rekord
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TCV (Swiss Plasma Center, Lausanne, Schwitzerland) 

The Tokamak à Configuration Variable (TCV) started 
operation at École Polytechnique Fédérale de Lausanne 
(EPFL) in 1992. In 2015/2016 the machine was upgraded 
to enforce its capabilities such as strong shaping and 
electron heating with ion heating, additional electron 
heating compatible with high densities and variable 
divertor geometry. The TCV programme aims at ITER 
support, explorations towards DEMO and fundamental 
research. 

TCV tokamak at EPFL 

Image: Alain Herzog/EPFL 

 

MAST-U (CCFE, Culham, United Kingdom) 

The Mega Ampere Spherical Tokamak (MAST) was in operation from 1999-2013. Afterwards it was 
shut down for a seven-year upgrade program. The upgraded MAST (MAST-U) produced its first 
plasma in October 2020 and resumed operation. MAST-U is a compact tokamak designed to 
investigate whether a smaller construction makes cheaper fusion power plants possible. Moreover, it 
is tackling one of fusion energy’s biggest challenges: plasma exhaust. 

Source: www.euro-fusion.org 

Photo: Christopher Roux, CEA-IRFM 

 

 

 

 

 

 

 

 

 

Wendelstein 7-X 

Wendelstein 7-X, located in Greifswald (Germany), is the worldwide largest stellarator type fusion 
device. After completion of the main assembly phase, the first plasma was achieved in December 
2015. The facility was officially inaugurated on 3. February 2016 in the presence of the German 
chancellor Angela Merkel. 

At the end of 2018, a big reconstruction started: The coating of the plasma vessel was renewed. This 
upgrade enables higher heating power and longer plasma pulses. Therefore, the next experiments 
resumed at the end of 2021. 

Wendelstein 7-X will be able to produce up to 30 minutes long plasma pulses after the upgrade. This 
allows the facility to demonstrate continuous operation capability. The goal is to achieve the same 
quality of plasma confinement like in the competing tokamak devices.  

http://www.euro-fusion.org/
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Wendelstein 7-X magnet system: 50 superconducting 
solenoid coils create a magnetic cage for plasma 
confinement. 

Source: IPP www.ipp.mpg.de 

 

 

 

 

 

 

 

 

 

  

http://www.ipp.mpg.de/
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II. FUSION RESEARCH IN AUSTRIA 

Activites in 2020 and 2021 

1. OVERVIEW 

The Austrian Research Unit 
 
The largest part of Austrian fusion research is performed at university institutes, with approximately 
18 PhD students per year. Education and training of young researchers therefore continues to be the 
major focus of the Austrian Fusion Research Programme. Major activities/topics are measurements 
and experiments in medium-size tokamaks, plasma-wall interaction, modelling and simulation of 
plasma phenomena in tokamaks and stellarators, materials science, superconductors for fusion 
application and socio-economic studies on future energy scenarios.  
 

Participation in EUROfusion 
 
The Austrian Academy of Sciences (ÖAW) acts as national entry point and beneficiary of the 
EUROfusion Grant Agreement.  Fusion research is performed at the Erich Schmid Institute of 
Materials Science at ÖAW and at four linked parties:  Research Studio iSPACE in Salzburg, Technische 
Universität Graz, Technische Universität Wien and Universität Innsbruck. The share of ÖAW and its 
linked third parties is shown below. 

 
Austrian participation in EUROfusion:  

Share of ÖAW and Linked Third Parties/Affiliated Entities (based on expenditure in 2020 and 2021)  

Source: Fusion@ÖAW 

 
EUROfusion under Horizon Europe 

   
With 1. January 2021 EUROfusion entered into the new framework programme Horizon Europe. 
Austrian participation has remained about the same, but the majority of the workpackages had been 
renamed. EDU, the workpackage with our largest participation, got the new name TRED. This is a 
combination of the two former workpackages Training and Education. Despite cutbacks for all 
Research Units, this workpackage still represents the largest EUROfusion participation of 
Fusion@ÖAW. Increased budget needs for health and economic issues as a result of the Covid-19 

7,70%

23,06%

37,92%

28,44%

2,88%

ÖAW

TU Graz

TU Wien

Universität Innsbruck

Research Studio Salzburg
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crisis unfortunately led to budget restrictions for EUROfusion. But apart from the TRED workpackage, 
Austria is hardly affected and has a very good start position in the new framework programme. 
 
Moreover, the following workpackages were renamed: TE (Tokamak Exploitation, former name: 
MST), PWIE (Plasma Wall Interaction and Exhaust, former name: PFC), TSVV and W-7X (Theory, 
Simulation, Verification and Validation and W-7X, former name: S1), PRD (Prospective Research and 
Development, former name: MAG), BB (Breeding Blanket, former name: PMI); The tables below 
show the Austrian workpackage participation in 2020 and 2021. 
 
 

Participation in EUROfusion workpackages 
Period: 2020 

 
 
 

PART OF THE PROGRAMME  INSTITUTION GROUPS 
INVOLVED  

ITER PHYSICS 

 WP05 Medium-Sized-Tokamak Campaigns (WPMST1) TU Graz 
TU Wien 
UIBK 

W. Kernbichler 
F. Aumayr 
A Kendl 
R. Schrittwieser 

WP06 Preparation of the Exploitation of Medium-Sized 
Tokamaks (WPMST2) 

UIBK R. Schrittwieser 

WP07 Preparation of efficient PFC operation for ITER and 
DEMO (WPPFC) 

TU Wien 
UIBK 

F. Aumayr 
M. Probst  

WP11 Preparation and Exploitation of W7-X Campaigns 
(WPS1) 

UIBK R. Schrittwieser 

WP12 Stellarator optimization theory development, modelling 
and engineering (WPS2) 

TU Graz W. Kernbichler 

WP13 Code Development for integrated modelling (WPCD) UIBK M. Probst  
POWER PLANT PHYSICS AND TECHNOLOGY 

 WP15 Plant Level System Engineering, Design Integration and 
Physics Integration (WPPMI) 

TU Wien H. Leeb 

WP16 Magnet system (WPENR/MAG-PRD) TU Wien M. Eisterer 
WP25 Materials (WPMAT) ÖAW-ESI R. Pippan 
SOCIO-ECONOMIC RESEARCH ON FUSION (SERF) 

     

 

WP28 Socio Economic studies (WPSES) Research Studios 
Austria FG 

M. Biberacher 

EDUCATION   

WP30 Education (WPEDU) 
 

TU Graz  
ÖAW-ESI 
TU Wien 
UIBK  

Total:  
21 PhD students 
10 mentors   

WP32 Enabling Research (WPENR) 
MFE19-ENR-MPG-04 

UIBK L. Einkemmer 
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Participation in EUROfusion workpackages 
Period: 2021 

 
 
 

 
 
 
Abbreviations:     

TU Graz = Graz University of Technology 

TU Wien = Vienna University of Technology 

UIBK = University of Innsbruck 

ÖAW-ESI = Erich Schmid Institute of Materials Science at ÖAW 

 
 
 
 
 
 
 
 

PART OF THE PROGRAMME  INSTITUTION GROUPS INVOLVED  

ITER PHYSICS 

 WP01 Tokamak Exploitation (WPTE) TU Graz 
TU Wien 
UIBK 

W. Kernbichler/C. 
Albert 
F. Aumayr 
R. Schrittwieser 

WP03 Wendelstein 7-X (WPW-7X) TU Graz W. Kernbichler/ C. 
Albert 

WP04 Theory, Simulation, Verification and Validation 
(WPTSVV) 

TU Graz W. Kernbichler/ C. 
Albert 

WP05 Plasma Wall Interaction and Exhaust (WPPWIE) TU Wien 
UIBK 

F. Aumayr 
M. Probst  

WP07 Enabling Research (WPENR) TU Wien F. Aumayr 
WP11 Preparation and Exploitation of W7-X Campaigns 
(WPS1, FP8) 

UIBK R. Schrittwieser 

POWER PLANT PHYSICS AND TECHNOLOGY 

 WP10 Breeding Blanket (WPBB) TU Wien H. Leeb 
WP18 Materials (WPMAT-T) ÖAW-ESI R. Pippan 
WP21 Prospective Research and Development (WPPRD) TU Wien M. Eisterer 
SOCIO-ECONOMIC RESEARCH ON FUSION (SERF) 

     

 

WP22 Socio-Economic studies (WPSES) Research Studios Austria 
FG 

M. Biberacher 

EDUCATION   

WP24 Training and Education (WPTRED) 
 

TU Graz  
ÖAW-ESI 
TU Wien 
UIBK  

Total:  
16 PhD students 
10 mentors   
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2. RESEARCH HIGHLIGHTS 

EUROfusion Researcher Grant for Georg Harrer 

For the very first time, an Austrian post-doc has received the 
EUROfusion Researcher Grant. Georg Harrer finished his PhD 
at TU Wien in August 2020. Since then, he has continued to 
work at the Institute for Applied Physics as a post-doc. On 
21. May 2021 he was awarded the grant which started with 
the beginning of July 2021 for a duration of two years. 

The EUROfusion Researcher Grant program was established 
to promote excellence and career development of 
researchers in the field of nuclear fusion. Forty-one 
candidates applied for the grant, and finally eleven post-
doctoral scientists were selected.  

His granted research project has the following title: 

“The physics of small ELMs (edge-localised modes) – A multi-
machine approach” 

A comprehensive picture of small ELM stability will be 
developed. This will allow extrapolation to larger machines 
and might provide the fusion community with a future 
reactor scenario with good plasma confinement and benign 
exhaust capabilities. The goal is to avoid large ELMs that can damage the vessel walls. 

The core temperature in tokamak fusion devices has to be very high to enable nuclear fusion 
reactions. Meanwhile the wall of the device has to be kept below its melting temperature. The 
emerging pressure gradients can lead to magneto-hydrodynamic instabilities. If tokamaks are 
operated in the so-called H-mode [1], a transport barrier forms at the edge of the plasma which in 
turn causes the pressure gradient to become even higher. Instabilities localized there, called 
ELMs, lead to a quasi-periodic collapse of the gradients and to large heat and particle fluxes in the 
direction of the vessel wall [2]. 

The research progress of this project is planned to be published in scientific journals and 
presented at international conferences. With the multi-machine approach, the capabilities of all 
WPTE devices will be exploited in the context of experiments. Moreover, an ELM database will be 
established. 

 

[1] F. Wagner et al., Phys. Rev. Lett. 49, 1408-1412 (1982). 

[2] H. Zohm, Plasma Phys. Control. Fusion 38, 105-128 (1996). 

 

 

 

 

 

 

 

 

 

Dr. Georg Harrer  

Source: Fusion@ÖAW  
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Padé-based arbitrary wavelength polarization closures for full-F gyro-kinetic and -fluid models 

M. Held, M. Wiesenberger, A. Kendl 

Institut für Ionenphysik und Angewandte Physik, Universität Innsbruck 

The article by M. Held, M. Wiesenberger and A. Kendl (2020), “Padé-based arbitrary wavelength 
polarization closures for full-F gyro-kinetic and -fluid models”, Nuclear Fusion 60/6 (2020), 
https://doi:10.1088/1741-4326/ab7a68 describes a gyrofluid model which is valid for arbitrary 
amplitudes and length scales. 

Instabilities and turbulence in hot magnetised plasmas are mostly described and simulated on the 
basis of gyrokinetic models or gyrofluid equations derived from them. Until now, consistent 
models were formulated either for small perturbation amplitudes ("delta-f") and all relevant 
length scales ("full-k"), or for arbitrary amplitudes ("full-f") with the restriction to larger scales 
("low-k"). In this publication, for the first time, a gyrofluid model could be formulated which is 
valid for arbitrary amplitudes ("full-f") as well as length scales ("full-k"). This model is currently 
being incorporated and tested in several codes for the computer simulation of plasma turbulence, 
and can significantly expand the range of applications for simulations at the edge of fusion 
plasmas. 

Edge plasma turbulence and transport phenomena and advanced probe diagnostic 

R. Schrittwieser, C. Ionita-Schrittwieser, S. Costea et al. 

Institut für Ionenphysik und Angewandte Physik, Universität Innsbruck 

The main activities in 2020 and 2021 were carried out mainly in collaboration with the Department of 
Physics, Technical University of Denmark (DTU), Kongens Lyngby, Denmark, and the Reactor Physics 
Department, Jožef Stefan Institute (JSI), Ljubljana, Slovenia. There were two topics:  

(i) In collaboration with DTU Langmuir probe arrangements in graphite casings of the Experimental 
Advanced Superconducting Tokamak (EAST) in Hefei, People’s Republic of China, were coated by 
the KOMET RHOBEST Company in Innsbruck with Ultra-Nano-Crystalline Diamond (UNCD) to 
improve their resilience against the hot edge plasma in MSTs. The probe arrangements in their 
casings were tested in EAST, showing improved resilience, also against sputtering.  

(ii) In collaboration with JSI particle-in-cell simulations were carried out of the parallel dynamics of a 
blob in the SOL plasma of a generic MST. The main result of the simulations is that when a blob 
enters the SOL plasma, its hot electrons leave the blob and the hot ions left behind are screened 
by the cold electrons of the background SOL plasma.  

Main relevant publications in 2020 and 2021: 

C. Ionita, R. Schrittwieser, G.S. Xu, N. Yan, H. Wang, V. Naulin, J.J. Rasmussen, D. Steinmüller-Nethl, 
(2020) "Diamond-coated plasma probes for hot and hazardous plasmas", Materials 13, 4524 (12pp) 
https://doi:10.3390/ma13204524 

S. Costea, J. Kovačič, D. Tskhakaya, R. Schrittwieser, T. Gyergyek, Tsv.K. Popov, EUROfusion MST1 
Team, (2021) "Particle-in-cell simulations of parallel dynamics of a blob in the scrape-off-layer 
plasma of a generic medium-size tokamak", Plasma Physics Controlled Fusion 63, 055016 (10pp) 
https://doi.org/10.1088/1361-6587/abf22e 

J. Kovačič, S. Costea, T. Gyergyek, Tsv. Popov, R. Schrittwieser, Slovenia, (7-10 September 2020; 10 
September 2020) "The role of the neutrals in the parallel filamentary transport in the tokamak SOL", 
29th International Conference Nuclear Energy for New Europe (NENE 2020) Portorož, 
http://www.nss.si/nene2020/contents.html#6992 

https://doi.org/10.1088/1741-4326/ab7a68
https://doi.org/10.1088/1361-6587/abf22e
http://www.nss.si/nene2020/contents.html#6992
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A sandblaster at the atomic level 

C. Cupak, P. S. Szabo, R. Stadlmayr, R. A. Wilhelm, F. Aumayr et al. 

Institut für Angewandte Physik, Technische Universität Wien 

To remove microscopic impurities, materials are often treated with ion beams. This process is 
called “sputtering” and depends on the roughness of the surface. A computational model, 
developed by a research team from the Institute of Applied Physics, Technische Universität Wien, 
now makes it possible to characterize the surface roughness in a simple way and thus correctly 
describe the sputtering process even for more complicated samples. Colleagues from Uppsala 
University, the Helmholtz Centre in Dresden and the Max Planck Institute for Plasma Physics in 
Greifswald were also involved in this study. 

C. Cupak, P. S. Szabo, H. Biber, R. Stadlmayr, C. Grave, M. Fellinger, J. Brötzner, R. A. Wilhelm, W. 
Möller, A. Mutzke, M. V. Moro and F. Aumayr (2021) "Sputter yields of rough surfaces: 
Importance of the mean surface inclination angle from nano- to microscopic rough regimes", 
Applied Surface Science 570, 151204 https://doi.org/10.1016/j.apsusc.2021.151204 

 
 

 

 

SEM (scanning electron microscope) of the probe surfaces before use. Left: uncoated graphite, right: UNCD  
(Ultra-Nano-Crystalline Diamond) coated surface  

Source: Roman Schrittwieser, Universität Innsbruck 

Sputtering of surfaces by ion bombardment 

Source: David Rath, Technische Universität Wien 

https://doi.org/10.1016/j.apsusc.2021.151204


14 
 

Recovering the performance of irradiated high temperature superconductors for use in fusion 
magnets 

R. Unterrainer, D. X. Fischer, A. Lorenz and M. Eisterer 

Atominstitut, Technische Universität Wien 

This publication reports on the connections between the superconducting transition temperature, 
Tc, and the critical current density, Jc, in fusion reactors. In order to become more commercially 
viable, future fusion reactors will become more compact and cost efficient. Therefore, the 
superconductors will deteriorate. Moreover, the magnets will be exposed to a destructive flow of 
fast neutrons. Different thermal treatments can counteract this degradation to enable the 
commercial use of the facilities and their performance. The lifetime of the magnet can be doubled 
with annealing temperature around 400 °C. However, loss of oxygen must be prevented in this 
case. 

 
 

 

 

 

Relevant publication: 

R. Unterrainer, D. X. Fischer, A. Lorenz and M. Eisterer, (2022) "Recovering the performance of 
irradiated high-temperature superconductors for use in fusion magnets", Superconductor Science 
and Technology, 35 04LT01 (8pp) https://doi.org/10.1088/1361-6668/ac4636 

 

Integration methods for guiding center orbits 

M. Eder, C. G. Albert, S. V. Kasilov, L. M. P. Bauer and W. Kernbichler 

Institut für Theoretische Physik, Technische Universität Graz 

An important kinetic approach for simulating the collective behavior of a plasma utilizes direct 
modeling of particle orbits. A well-known approximation for computing the motion of electrically 
charged particles in slowly varying electromagnetic fields is to reduce the dynamical equations by 
separating the relatively fast circular motion around a point called the guiding-center, and primarily 
treat the relatively slow drift motion of this point. 

For numerical simulations at TU Graz, in particular, global kinetic computations of quasi-steady plasma 
parameters as well as energetic ion confinement in 3D toroidal fusion devices, specific requirements 
are put on the guiding-center orbit integration methods. Namely, they should be computationally 
efficient, tolerant to statistical noise in the electromagnetic field and efficient in scoring statistical data 
from the orbits. Geometric and symplectic integrators address these targets by releasing the 
requirement to the accuracy of guiding center orbits while preserving physically correct long-time orbit 

2nd generation commercial high temperature superconductor based on 
Rare-Earth Barium Copper Oxide (REBCO) for magnet applications 

Source: Raphael Unterrainer, Technische Universität 
Wien/Atominstitut 

https://doi.org/10.1088/1361-6668/ac4636
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dynamics. Such integrators preserving total energy, magnetic moment and phase space volume are 
currently developed in-house at TU Graz [1,2,3].  

Due to their well-suited properties, these integration methods are currently part of the EUROfusion 
Theory, Simulation, Validation and Verification Tasks for “Impurity Sources, Transport, and Screening” 
(TSVV 6) and “Stellarator Optimization” (TSVV 12). 

[1] M. Eder, C.G. Albert, L.M.P. Bauer, S.V. Kasilov, W. Kernbichler, Physics of Plasmas 27, 122508 (2020).  

[2] C.G. Albert, S.V. Kasilov, W. Kernbichler, Journal of Plasma Physics 86, 815860201 (2020). 

[3] C.G. Albert, S.V. Kasilov, W. Kernbichler, Journal of Computational Physics 403, 109065 (2020). 

 

 
Illustration of (a) passing particle and (b) trapped particle guiding-center orbits of a Deuterium ion with a kinetic 
energy of 3 keV in the axisymmetric magnetic field configuration of ASDEX Upgrade. 

Source: Michael Eder, TU Graz 

 

Relevant publications: 

M. Eder, C. G. Albert, L. M. P. Bauer, S. V. Kasilov and W. Kernbichler, (2020) “Quasi-geometric 
integration of guiding-center orbits in piecewise linear toroidal fiels”, Physics of Plasmas, 27 122508 
https://doi.org/10.1063/5.0022117 

C.G. Albert, S.V. Kasilov, W. Kernbichler, (2020) „Accelerated methods for direct computation of fusion 
alpha particle losses within stellarator optimization”, Journal of Plasma Physics, 86 815860201 
10.1017/S0022377820000203 

C.G. Albert, S.V. Kasilov, W. Kernbichler, (2020) „Symplectic integration with non-canonical quadrature 
for guiding-center orbits in magnetic confinement devices”, Journal of Computational Physics, 403 
109065 10.1016/j.jcp.2019.109065  

   

  

https://doi.org/10.1063/5.0022117
https://doi.org/10.1017/S0022377820000203
https://doi.org/10.1016/j.jcp.2019.109065
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3. SELECTED PHD THESES COMPLETED/NEAR COMPLETION IN 2020/2021 

Michael Eder, TU Graz (Institut für Theoretische Physik) 

On the integration of the guiding-center equations in toroidal fields utilizing a local linearization 
approach  
Supervisors: R. Buchholz, W. Kernbichler 

From a theoretical point of view, there are still various 
unanswered questions in plasma physics. Even though 
Magnetohydrodynamics is a very powerful theory, essentially 
kinetic problems cannot be treated correctly – e.g. in a 
Tokamak we don’t know in detail how Edge Localized Modes 
(ELMs) are mitigated or even suppressed by Resonant 
Magnetic Perturbations (RMPs). Therefore, the development 
of computer models based on first principles is necessary to 
provide a deeper physical insight into the behaviour of a 
plasma under such conditions. 

His dissertation is focused on developing a computer code 
that allows the computation of plasma equilibria in 3D magnetic fields with general topology. This work 
is necessary for the evaluation of plasma response currents and charges caused by external non-
axisymmetric electromagnetic perturbations in tokamaks as well as for modelling of edge transport in 
devices with 3D field geometry, for example. 

Paul Szabo, TU Wien (Institut für Angewandte Physik) 

Novel insights into ion-solid interaction: Case studies for space weathering and nuclear fusion 
research 
Supervisor: F. Aumayr 

His PhD research focused on the experimental study of different 
aspects of ion-solid interaction. In a nuclear fusion reactor, this is 
important to understand plasma-wall interaction. Ions that 
escape from the fusion plasma erode wall material, which will 
reduce their longevity. Hydrogen ions will also be implanted in 
the wall, which affects the efficiency of the reactor’s fuel usage. 
The hydrogen implantation and release behaviour has been an 
important factor for the choice of reactor wall materials and is 
still extensively researched for ITER and future reactors. 

Tungsten and beryllium are both relevant for ITER’s wall panels and divertors. In order to single out 
some aspects of hydrogen interaction in such materials, experiments under controlled conditions at 
ion beam setups were performed. This allows an easier understanding of the fundamental processes 
that occur here. 

Patrick Lainer, TU Graz (Institut für Theoretische Physik) 

Hybrid kinetic/MHD modeling of plasma response to 3D magnetic perturbations in tokamaks 
Supervisors: R. Buchholz, W. Kernbichler 

The overarching project in TU Graz’s research group is the development of an accurate and efficient 
model of quasi-steady equilibria with 3D magnetic perturbations. Kinetic theory offers a more 
complete description of the occurring phenomena than magnetohydrodynamics (MHD) but is 
computationally much more expensive. He focuses on comparing the results of these different models 
and developing a coupling scheme so that the kinetic model can be replaced by the MHD model in 
regions where the accuracy of the latter is sufficient, thus decreasing computation time. 

https://www.oeaw.ac.at/fusion/aktuelles/detail/19-phd-interview
https://www.oeaw.ac.at/fusion/aktuelles/detail/20th-phd-interview
https://www.oeaw.ac.at/fusion/aktuelles/detail/21st-phd-interview
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The research group investigates the effects of resonant magnetic 
perturbations which can be used for mitigation of edge-localized modes 
(ELMs) in tokamaks. These are an important class of instabilities seen in 
tokamaks operating in H-mode, which will be the case with ITER. The 
transient heat loads produced by ELMs degrade the plasma-facing materials, 
thereby reducing the lifetime of wall and divertor elements. A solution to this 
problem is deemed to be outside the reach of materials science and thus has 
to be solved by plasma physics. 

 

 

 

Christian Cupak, TU Wien (Institut für Angewandte Physik) 

Investigation of Ion-Solid interactions relevant for Plasma Facing Components in Nuclear Fusion 
devices 
Supervisor: F. Aumayr 

In nuclear fusion devices, the inner first wall of the reactor vessel is exposed to the harsh conditions of 
the fusion plasma. Especially the so-called divertor is subject to severe heat loads and ion 
bombardment, which introduces critical selection criteria for first wall materials. In their laboratory at 

TU Wien, he executes experiments using an ion gun and their in-
house developed “Quartz Crystal Microbalance”, enabling the 
research group to investigate both erosion processes and retention 
mechanisms of fuel atoms in relevant wall materials like tungsten. 
During the last year, special focus was put on the influence of 
roughness on the erosion of plasma-facing surfaces, which resulted 
in the development of a new simulation code. In addition, the effect 
of mixed ion bombardment with fuel atoms like deuterium and so-
called seeding gases like argon was investigated. 

Their research group delivers important laboratory data, like erosion 
rates of materials foreseen for first wall application, for example. 
Erosion is generally disadvantageous for the overall efficiency of a 

nuclear fusion device since eroded wall atoms decrease the performance of the fusion reactions. The 
results of their erosion experiments also support lifetime estimations for plasma exposed components. 

Markus Markl, TU Graz (Institut für Angewandte Physik) 

Finite Larmor radius effects in the linear plasma response to resonant magnetic perturbations in 
Tokamaks 
Supervisors: M. Heyn, C. Albert 

The overall task of his PhD thesis is to fully understand the response of a magnetically confined plasma 
to externally applied magnetic perturbations, which are used to control the occurrence of so-called 
edge localized modes (ELMs). These disruptive instabilities occur in certain operational regimes in 

https://www.oeaw.ac.at/fusion/aktuelles/detail/22nd-phd-interview
https://www.oeaw.ac.at/fusion/aktuelles/detail/22nd-phd-interview
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present-day tokamak experiments and are expected to occur in 
future devices, like ITER. Since they are characterized by intolerable 
transient heat loads to plasma facing components, it is mandatory 
to get a grip on them. 

The understanding of this topic is increasing steadily, but still a 
complete and thorough understanding of the mechanisms is lacking. 
Therefore, his group investigates the effects of magnetic 
perturbations on plasmas by applying the kinetic code KiLCA to data 
from experiments. As part of his PhD project, the code will be 
upgraded by modifying the underlying model, which treats finite 
Larmor radius effects by a linear differential operator, to one with a 
corresponding full integral operator. 

In connection with understanding the processes that happen when magnetic perturbations are applied 
to a tokamak plasma, it is also important to understand what impact plasma parameters, for example 
density and temperature, have. Since some parameters are depending, to a certain point, on the 
configuration of the device, a comprehension of their impact on the control mechanism is necessary 
to optimize the design of future experiments and, ultimately, fusion power plants. 

Raphael Unterrainer, TU Wien (Atominstitut) 

Influence of radiation induced defects on technical superconductors and their thermal stability 
Supervisor: M. Eisterer 

As part of his Ph.D., Raphael is looking into high-
temperature superconductors and how they 
behave when they are irradiated. For this, he is 
focusing on the X-ray irradiation of samples and 
performs measurements in a 17 Tesla cryostat. This 
involves working with very strong currents that are 
sent through very thin layers of superconductors. 

In fusion, neutron irradiation is inherent to the 
system – you always have neutrons coming from 
the D-T fusion processes in the plasma. Over time, 
these neutrons are harming the superconductor. 

Fusion magnets in planned fusion reactors like ITER and DEMO are far enough away to withstand these 
neutrons for a long time, however in smaller reactor designs, e.g. SPARC, they are expected to be 
broken after only nine years. This drastically reduces the economic feasibility. Raphael and his group 
are therefore trying to find a way to extend the expected lifetime of superconductors through heat 
treatments. Even if they were able to improve the lifetime by just 25% or 50%, that would already run 
down the cost of a fusion power plant and thereby increase the chances of being economically feasible. 
This is an important requirement for fusion reactors to be built in the future. 
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What became of …? 

Florian Laggner, Princeton University (Princeton Plasma Physics Laboratory/PPPL) 

 
Florian Laggner completed his PhD at the Technische Universität Wien 
in May 2017. During his dissertation project entitled “Inter-ELM 
pedestal structure development in ASDEX Upgrade” he worked on the 
edge of hot plasmas relevant for nuclear fusion in the tokamak 
experiment ASDEX Upgrade, which is operated by the Max Planck 
Institute for Plasma Physics in Garching. During this time, he had the 
opportunity to participate in on-site experiments. In his PhD project, 
he succeeded in identifying different time scales in which plasma 
density and temperature develop. 

After his PhD, he took a post-doctoral position at the Department for 
Mechanical and Aerospace Engineering at Princeton University. 
Currently, he is still working as a researcher at the Princeton Plasma 
Physics Laboratory (PPPL). The focus of his research is similar to what 
he did during his PhD, as he continues to deal with questions about the 
structure of the plasma edge, such as how neutral gas and its ionization 

influence the plasma edge. 

For Florian, the biggest motivation to work in the field of nuclear fusion is the fact that it involves basic 
research with a direct view to application. He finds it unbelievably exciting to enter still unknown areas 
with the awareness that one has contributed a further gain in knowledge to the realization of the 
fusion power plant. 

In this article from June 2020 you can find more information about Florian Laggner and his work at the 
PPPL: https://www.pppl.gov/news/2020/06/proven-method-stabilizing-efforts-bring-fusion-power-
earth 

 

 

  

https://www.pppl.gov/news/2020/06/proven-method-stabilizing-efforts-bring-fusion-power-earth
https://www.pppl.gov/news/2020/06/proven-method-stabilizing-efforts-bring-fusion-power-earth
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Awards 

Max-Auwärter-Preis for Richard Wilhelm (07/2020) 

Gaede-Preis für Vakuumwissenschaft und -technik for Richard Wilhelm (11/2020) 

Ehrentitel "Universitätsprofessorin" for Univ.-Doz. Dr. Elisabeth Wolfrum (12/2020) 

LPI Career Development Registration Award for Paul Szabo (02/2021) 

EUROfusion Researcher Grant for Georg Harrer (05-06/2021) 

 

Our Fusion Days 

Every year in November we organize a one-day workshop called “Fusion Day”. The purpose of this 
event is to provide a space for scientists from all over Austria to meet and share their results. The PhD 
students present 20-minutes lectures and the audience asks questions afterwards or discussions take 
place. Due to the pandemic, the 7th Fusion Day was held online in 2020 with Matteo Barbarino 
(International Atomic Energy Agency, Department of Nuclear Sciences and Applications) as keynote 
speaker. For 2021, we organised a hybrid event in Graz with Per Helander (Max Planck Institute for 
Plasma Physics, Head of the Stellarator Theory Division, Greifswald) as our keynote speaker.  

 

 
8th Fusion Day in Graz (19.11.2021) as hybrid event 

Source: Fritz Aumayr/TU Wien 

  

https://www.tuwien.at/tu-wien/aktuelles/news/news/max-auwaerter-preis-fuer-richard-wilhelm/
https://www.tuwien.at/tu-wien/aktuelles/news/news/gaede-preis-fuer-richard-wilhelm/
https://www.oeaw.ac.at/fusion/aktuelles/detail/ehrentitel-universitaetsprofessorin-fuer-univ-doz-dr-elisabeth-wolfrum
https://www.iap.tuwien.ac.at/www/atomic/news
https://www.euro-fusion.org/news/2021/june/eleven-eurofusion-researcher-grants-awarded/
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4. PUBLIC INFORMATION AND OUTREACH 

FuseNet Teacher Days 

On 2. October 2020, the European Fusion Teacher Day took place for the very first time as a Zoom 
online event. This meeting was organized by the FuseNet Association – The European Fusion Education 
Network (www.fusenet.eu). It is a platform for the coordination of European fusion education 
activities.  

The FuseNet Teacher Day is aimed at secondary school teachers and consists of two parts: a local and 
a European session. First, experts from national labs and universities introduce the topic of nuclear 
fusion and talk about local fusion research. In the second part, new teaching materials are presented, 
along with a live stream from the largest fusion research facilites. After the event, participants receive 
a textbook together with the materials. 

With over 500 participants, the first edition was a great success, but the 2nd European Fusion Teacher 
Day, held on 1. October 2021, attracted even more people. In 2020, we had 10 registrations from 
Austria and 20 in 2021. So, we still have to strengthen our efforts to attract more teachers in the years 
to come. 

 

FuseNet Teacher Day Leaflet 

Source: Fusion@ÖAW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://www.fusenet.eu/
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Fusion Expo 

Information 

The Fusion Expo is a touring exhibition organised by EUROfusion which is dedicated to familiarising 
the public with fusion research and its versatility. It is important to the organisers to address a wide 
audience and thus provide a diverse target group with information about nuclear fusion and to 
inspire them.  

Concept 

In order to achieve this, a highly complex topic such as 
fusion has to be made tangible and accessible for people 
with differing levels of prior knowledge. Therefore, a 
variety of measures are taken to convey the concepts of 
fusion clearly and distinctly. The following paragraphs 
provide a brief outline of these. 

The Fusion Expo places great value on exhibiting at a 
broad range of exhibition venues that are not limited to 
traditional spaces such as museums and science events. 
In addition to these, Fusion Expo uses public places such as libraries. This way, more people with 
different requirements and cultural interests can be reached. 

Moreover, the Fusion Expo employs a transmedial approach: The exhibition's contents are told using 
a range of media. The use of media such as displays, websites, social media as well as game-based 
storytelling devices addresses visitors in a straightforward manner. By doing this, the visitors are 
integrated into the exhibit and are directly invited into the world of nuclear fusion. 

Fusion Expo 2021 

The first Fusion Expo was shut down in 2014 after 20 years of operation in which it exhibited in 
various countries all over Europe. Since February 2016, Mohamed Belhorma (EUROfusion 
Communications Department) functions as the Responsible Officer and is tasked with designing and 
realising a new Fusion Expo.  

The Fusion Expo was thus re-opened in 2021. The inauguration ceremony took place in Marseille at 
Les Docks Village on 28. October. The architect responsible for realising the Fusion Expo and adapting 
the physical space of 450 m² to the event’s requirements is French designer Sidonie Lenoble. 

The exhibition is divided into three parts: One library and two exhibition spaces. 

In line with its modern approach, an app was added to the Fusion Expo experience: Visitors are able to 
access additional information via their smartphones or other smart devices provided at the venue.  

The Fusion Expo experience doesn’t end after the leaving the exhibit as visitors are able to access an 
app called “Star Trail”. This post-visit activity enables visitors to extensively engage with their newly 
acquired knowledge about fusion. 

Fusion Expo in Austria 

With Fusion@ÖAW’s help, the Fusion Expo will hopefully also exhibit in Austria in the near future. In 
2011, the past edition of the Fusion Expo successfully launched in Austria and exhibited in Vienna at 
TU Wien. Due to the continued interest of the public as well as the scientific community in Austria, a 
future exhibition in Vienna will certainly also attract a large audience. 

© ITER (iter.org/newsline/153/487) 

https://www.euro-fusion.org/
https://www.euro-fusion.org/target-groups/journalists/
https://sidonielenoble.fr/
file://w07ds2/FUSION_Share$/20_21%20Report/iter.org/newsline/153/487
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Official Fusion Expo Poster 

Source: EUROFUSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fusion@ÖAW press releases 2020/2021 

Articles 

„Das Eine-Million-Teile-Puzzle in der entscheidenden Phase“ (01/2020), golem.de  

„Kernfusion: Schneckenrennen um die Lösung aller Energieprobleme“ (10/2020), DerStandard 
(Edition Zukunft) 

„Wettlauf um die Kernfusion – und Österreich steckt mittendrin“ (03/2021), Die Presse 

„Kernfusion: Die Sonne auf Erden rückt näher“ (06/2021), science.orf.at 

„Endlos Energie: Was würden wir mit unbegrenzter Energie machen?“ (06/2021), DerStandard 
(Edition Zukunft) 

„Ein Sandstrahler auf atomarer Ebene“ (09/2021), TU-Wien Pressemitteilung 

„Brauchen wir Kernkraft für die Energiewende? Ein Faktencheck (12/2021), DerStandard (Edition 
Zukunft) 

Miscellaneous 

Georg Harrer beim Radioprogramm „JungwissenschafterInnen im Pitch” (NJOY 91.3 FM) (09/2020) 

Georg Harrer im ASDEX Upgrade Newsletter (12/2020) 

  

https://www.golem.de/news/fusionsreaktor-iter-das-eine-million-teile-puzzle-in-der-entscheidenden-phase-2001-146107.html?fbclid=IwAR13a0nI0EHJeDBvHEAcdyiYfV3jCissPstQxSjmB9JLxXKx42jYoyqx-SA
https://www.derstandard.at/story/2000120434551/kernfusion-schneckenrennen-um-die-loesung-aller-energieprobleme
https://www.diepresse.com/5921891/wettlauf-um-die-kernfusion-und-osterreich-steckt-mittendrin
https://science.orf.at/stories/3207160/
https://www.derstandard.at/story/2000127511503/endlosenergie-was-wuerden-wir-mit-unbegrenzter-energie-machen
https://www.tuwien.at/tu-wien/aktuelles/news/news/ein-sandstrahler-auf-atomarer-ebene
https://www.derstandard.at/story/2000131620380/brauchen-wir-kernkraft-fuer-die-energiewende-ein-faktencheck
https://www.youtube.com/watch?v=z23of0wQq8A
https://www.iap.tuwien.ac.at/www/_media/atomic/plasma/010_aug_letter_22.pdf
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5. PUBLICATIONS 

 

Erich-Schmid-Institut für Materialwissenschaft at ÖAW 

Articles in scientific journals 

2020  

V. Nikolić, L. Tanure, D. Terentyev, J. Riesch & K. Verbeken (2020). EBSD characterization of pure and 
K -doped tungsten fibers annealed at different temperatures. Journal of Nuclear Materials, 537. 
https://doi.org/10.1016/j.jnucmat.2020.152201  

Technische Universität Graz / Institut für Theoretische Physik – Computational Physics 

Conference contributions 

2021 

M. Eder, C. G. Albert, S. V. Kasilov, W. Kernbichler, M. Scheidt (21. June 2021). Integration of the 
guiding-center equations in toroidal fields utilizing a local linearization approach. 47th Conference on 
Plasma Physics (EPS), Sitges, Spain. 

S. Kasilov, M. Willensdorfer, U. Plank, D. Brida et al. (21. June 2021). Correlation between the 
increase in the L-H power threshold and the alignment of externally applied non-axisymmetric 
magnetic perturbations. 47th Conference on Plasma Physics (EPS), Sitges, Spain. 

S. Kasilov, M. Willensdorfer, U. Plank, D. Brida et al. (8. November 2021). Dependence of the L-H 
power threshold on the alignment of externally applied non-axisymmetric magnetic perturbations. 
63rd Annual Meeting of the APS Division of Plasma Physics, Pittsburgh, Pennsylvania, USA. 

Articles in scientific journals 

2020 

C. G. Albert, S. Kasilov & W. Kernbichler (2020). Accelerated methods for direct computation of 
fusion alpha particle losses within stellarator optimization. Journal of Plasma Physics, 86(2). 
https://doi.org/10.1017/S0022377820000203  

C. G. Albert, S. V. Kasilov & W. Kernbichler (2020). Symplectic integration with non-canonical 
quadrature for guiding-center orbits in magnetic confinement devices. Journal of Computational 
Physics, 403. https://doi.org/10.1016/j.jcp.2019.109065  

M. Eder, L. M. P. Bauer, W. Kernbichler, S. V. Kasilov & C. G. Albert (2020). Quasi-geometric 
integration of guiding-center orbits in piecewise linear toroidal fields. Physics of Plasmas, 27. 
https://doi.org/10.1063/5.0022117  

Technische Universität Wien / Institut für Angewandte Physik 

Conference contributions 

2020 

R. Stadlmayr, L. Marot, F. Aumayr, K. Soni, R. Antunes, L. Moser et al. (20. September 2020). 
Reduction of wall erosion and redeposition during plasma cleaning of first mirrors in a quarter-
lambda filter configuration. 31st Symposium on Fusion Technology (SOFT2020), Dubrovnik, Croatia. 

2021 

C. Cupak, F. Troneberger, H. Biber, P. Szabo, R. A. Wilhelm, D. Böhm et al. (17. May 2021). Synergistic 
sputtering effects during quasi-concurrent Ar and D2 ion beam irradiation of tungsten film. 18th 
International Conference on Plasma Facing Materials and Components for Fusion Applications (PFMC-
18), Bonn, Germany. 

https://doi.org/10.1016/j.jnucmat.2020.152201
https://doi.org/10.1017/S0022377820000203
https://doi.org/10.1016/j.jcp.2019.109065
https://doi.org/10.1063/5.0022117
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G. Harrer, M. Faitsch, T.Eich, E.Wolfrum et al. (25. January 2021). Power exhaust in small ELM 
regimes at high separatrix density. 24th International Conference on Plasma Surface Interactions in 
Controlled Fusion Devices (PSI 2020), Jeju, Korea. 

G. Harrer, E. Wolfrum, M. Faitsch, M. Griener, T. Eich et al. (21. June 2021). Plasma regime with small 
ELMs as access for dissipative exhaust scenarios. 47 th Conference on Plasma Physics (EPS), Sitges, 
Spain. 

G. Harrer, E. Viezzer, P. Cano Megias, D. Cruz Zabala et al. (6. September 2021). Recent advances on 
stationary no-ELM and small-ELM regimes. 25th Joint EU-US TTF Meeting, York, England – Virtual. 

G. Harrer, T. Craciunescu, A. Murari, E. Peluso et al. (30. November 2021). Assessing phase and 
amplitude influence in synchronization experiments. Fourth IAEA Technical Meeting on Fusion Data 
Processing, Validation and Analysis, Chengdu, China. 

L. Radovanovic, M. Dunne, L. Frassinetti, B. Lomansowski et al. (21. June 2021). Ideal ballooning 
modes in the ASDEX-Upgrade, JET, and TCV pedestals. 47th Conference on Plasma Physics (EPS), 
Sitges, Spain. 

P. Szabo, K.Kantre, M.V.Moro, C.Cupak et al. (25. January 2021). In-situ Investigation of Deuterium 
Retention in Tungsten with Ion Beam Analysis and Thermal Desorption Spectroscopy. 24th 
International Conference on Plasma Surface Interactions in Controlled Fusion Devices (PSI 2020), Jeju, 
Korea. 

P. Szabo, K. Kantre, M. V. Moro, C. Cupak, L. Zendejas Medina et al. (17. May 2021). Real time depth 
profiliing of D in W during thermal desorption spectroscopy with in-situ elastic recoil detection 
analysis. 18th International Conference on Plasma Facing Materials and Components for Fusion 
Applications (PFMC-18), Bonn, Germany. 

Articles in scientific journals  

2020  

G. Harrer, D. Silvagni, T. Eich, T. Happel, M. Griener, M. Dunne et al. (2020). I-mode pedestal 
relaxation events at ASDEX Upgrade. Nuclear Fusion, 60. https://doi.org/10.1088/1741-4326/abb423   

R. Stadlmayr, L. Ballauf, F. Hechenberger, T. Dittmar et al. (2020). Formation of beryllium-hydrogen 
ions in chemical sputtering from 20 to 420 eV. Nuclear Materials & Engineering, 22. 
https://doi.org/10.1016/j.nme.2019.100722 

R. Stadlmayr, P. S. Szabo, H. Biber, H. R. Koslowski et al. (2020). A high temperature dual-mode 
quartz crystal microbalance technique for erosion and thermal desorption spectroscopy 
measurements. Review of Scientific Instruments, 91. https://doi.org/10.1063/5.0012028  

R. Stadlmayr, P. S. Szabo, D. Mayer, C. Cupak, T. Dittmar et al. (2020). Sputtering of nanostructured 
tungsten and comparison to modelling with TRI3DYN. Journal of Nuclear Materials, 532. 
https://doi.org/10.1016/j.jnucmat.2020.152019  

R. Stadlmayr, P. S. Szabo, D. Mayer, C. Cupak, W. Möller & F. Aumayr (2020). Erosion of iron-tungsten 
model films by deuterium ion irradiation: a benchmark for TRI3DYN. Physica Scripta, 2020. 
https://doi.org/10.1088/1402-4896/ab438f 

2021 

F. Aumayr, S. Creutzburg, A. Niggas, D. Weichselbaum, P. L. Grande & R. A. Wilhelm (2021). Angle-
dependent charge exchange and energy loss of slow highly charged ions in freestanding graphene. 
Physical review A, 104. 10.1103/PhysRevA.104.042806 

C. Cupak, P. S. Szabo, H. Biber, R. Stadlmayr, C. Grave et al. (2021). Sputter yields of rough surfaces: 
Importance of the mean surface inclination angle from nano- to microscopic rough regimes. Applied 
Surface Science, 570. https://doi.org/10.1016/j.apsusc.2021.151204 

https://doi.org/10.1088/1741-4326/abb423
https://doi.org/10.1016/j.nme.2019.100722
https://doi.org/10.1063/5.0012028
https://doi.org/10.1016/j.jnucmat.2020.152019
https://doi.org/10.1088/1402-4896/ab438f
https://doi.org/10.1103/PhysRevA.104.042806
https://doi.org/10.1016/j.apsusc.2021.151204
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G. Harrer, M. Faitsch, T. Eich, E. Wolfrum, D. Brida et al. (2021). Broadening of the power fall-off 
length in a high density, high confinement H-mode regime in ASDEX Upgrade. Nuclear Materials & 
Engineering, 26. https://doi.org/10.1016/j.nme.2020.100890  

P. Szabo, K. Kantre, M. V. Moro, C. Cupak, R. Stadlmayr, F. Aumayr et al. (2021). Combination of in-
situ ion beam analysis and thermal desorption spectroscopy for studying deuterium implanted in 
tungsten. Physica Scripta, 96. https://doi.org/10.1088/1402-4896/ac1a88  

Technische Universität Wien / Atominstitut 

Conference contributions 

2020 

M. Eisterer, R. Unterrainer & D. Fischer (24. October 2020). Degradation of the critical currents at 
high defect concentration. Applied Superconductivity Conference (ASC 2020), Tampa, USA. 

2021 

R. Unterrainer, A. Lorenz, D. X. Fischer & M. Eisterer (5. September 2021). Negative effects of 
neutron irradiation on high temperature superconductors and recovery by annealing. The 15th 
European Conference on Applied Superconductivity (EUCAS 2021), Online, Moscow, Russia. 

R. Unterrainer, D.X. Fischer & M. Eisterer (11. October 2021). Understanding and retarding the 
degradation of fusion magnets due to neutron irradiation. Coated Conductors for Applications, 
Online, Japan. 

Articles in scientific journals 

2020 

M. Eisterer, K. Sedlak, V. Anvar, N. Bagrets, M. E. Biancolini et al. (2020). Advance in the conceptual 
design of the European DEMO magnet system. Superconductor Science & Technology, 33(4). 
https://doi.org/10.1088/1361-6668/ab75a9  

Universität Innsbruck / Institut für Ionenphysik und Angewandte Physik 

Conference contributions 

2020 

R. Schrittwieser, J. Kovačič, S. Costea, T. Gyergyek & T. Popov (10. September 2020). The role of the 
neutrals in the parallel filamentary transport in the tokamak SOL. 29th International Conference 
Nuclear Energy for New Europe (NENE 2020), Portorož, Slovenia. 

2021 

F.F. Locker, M. Keim, B.P. Somu, G.W. Zarate-Segura & A. Kendl (31. August 2021). Hysteresis in the 
drift wave turbulence to zonal flow bifurcation in magnetised plasma. Joint Annual Meeting of ÖPG 
and SPS (Swiss and Austrian Physical Societies), Innsbruck, Austria.  

F.F. Locker, A. Kendl, B.P. Somu & G.W. Zarate-Segura (31. August 2021): Approximate non-
Boussinesq polarisation models for plasma turbulence. Joint Annual Meeting of ÖPG and SPS (Swiss 
and Austrian Physical Societies), Innsbruck, Austria. 

F.F. Locker, A. Kendl, G.W. Zarate-Segura & B.P. Somu (31. August 2021). Propagation of thermal 
plasma blobs in inhomogeneous magnetic fields. Joint Annual Meeting of ÖPG and SPS (Swiss and 
Austrian Physical Societies), Innsbruck, Austria. 

R. Schrittwieser, C.-T. Konrad-Soare, D.-G. Dimitriu, F. Enescu, C. Ionita-Schrittwieser et al. (31. 
August 2021). Interaction between three fireballs in low temperature plasma. Joint Annual Meeting 
of ÖPG and SPS (Swiss and Austrian Physical Societies), Innsbruck, Austria. 

 

https://doi.org/10.1016/j.nme.2020.100890
https://doi.org/10.1088/1402-4896/ac1a88
https://doi.org/10.1088/1361-6668/ab75a9


27 
 

Articles in scientific journals 

2020 

L. Ballauf, F. Duensing, F. Hechenberger & P. Scheier (2020): A high sensitivity, high resolution 
tandem mass spectrometer to research low-energy, reactive ion-surface interactions. Review of 
Scientific Instruments, 91(6). https://doi.org/10.1063/1.5145170 

L. Ballauf, F. Hechenberger, R. Stadlmayr, T. Dittmar et al. (2020): Formation of beryllium-hydrogen 
ions in chemical sputtering from 20 to 420 eV. Nuclear Materials and Energy, 22. 
https://doi.org/10.1016/j.nme.2019.100722 

L. Ballauf, F. Hechenberger, D. K. Bohme & P. Scheier (2020): Ablation of tungsten surfaces in 
collisions with Ar+, He+ and N2+ cation projectiles in the presence of D2. International Journal of 
Mass Spectrometry, 448. https://doi.org/10.1016/j.ijms.2019.116252  

L. Chen, D. Suess, I. Sukuba, M. Schauperl, M. Probst et al. (2020): Performance of DFT functionals for 
properties of small molecules containing beryllium, tungsten and hydrogen. Nuclear Materials and 
Energy, 22. https://doi.org/10.1016/j.nme.2020.100731 

L. Chen, A. Kaiser, M. Probst & S. Shermukhamedov (2020). Sputtering of the beryllium tungsten alloy 
Be2W by deuterium atoms: molecular dynamics simulations using machine learned forces. Nuclear 
Fusion, 61(1). https://doi.org/10.1088/1741-4326/abc9f4 

L. Chen, I. Sukuba, M. Probst & A. Kaiser (2020): Iterative training set refinement enables reactive 
molecular dynamics via machine learned forces. Romanian Reports in Physics, 8. 
https://doi.org/10.1039/C9RA09935B 

L. Einkemmer, N. Crouseilles & J. Massot (2020): Exponential methods for solving hyperbolic 
problems with application to collisionless kinetic equations. Journal of Computational Physics, 420. 
https://doi.org/10.1016/j.jcp.2020.109688 

C. Ionita, R. Schrittwieser, G. Xu, N. Yan, H. Wang et al. (2020). Diamond-coated plasma probes for 
hot and hazardous plasmas. Materials, 13(20). https://doi.org/10.3390/ma13204524  

C. Ionita, B. Končar, M. Draksler, R. Schrittwieser et al. (2020). Analysis of thermal response of new 
diagnostic probe in TCV. Fusion Engineering & Design, 156. 
https://doi.org/10.1016/j.fusengdes.2020.111744  

C. Ionita, B. Končar, O. Costa Garrido, R. Schrittwieser et al. (2020): Analysis of thermal and structural 
responses of a new diagnostic probe to repeated exposure in ASDEX Upgrade tokamak. Fusion 
Engineering and Design, 161. https://doi.org/10.1016/j.fusengdes.2020.112047 

A. Kendl, M. Held & M. Wiesenberger (2020). Padé-based arbitrary wavelength polarization closures 
for full-F gyro-kinetic and -fluid models. Nuclear Fusion, 60(6). https://doi.org/10.1088/1741-
4326/ab7a68 

2021 

M. Probst, G. De Temmerman, K. Heinola, D. Borodin et al. (2021): Data on erosion and hydrogen fuel 
retention in Beryllium plasma-facing materials. Nuclear Materials and Energy, 27. 
https://doi.org/10.1016/j.nme.2021.100994 

M. Probst, L. Chen, A. Probst, A. Kaiser et al. (2021): Combinations of density functionals for accurate 
molecular properties of Be/W/H compounds. Nuclear Materials and Energy, 28. 
https://doi.org/10.1016/j.nme.2021.101026 

R. Schrittwieser, S. Costea, J. Kovačič, D. Tskhakaya et al. (2021). Particle-in-cell simulations of parallel 
dynamics of a blob in the scrape-off-layer plasma of a generic medium-size tokamak. Plasma Physics 
& Controlled Fusion, 63(5). https://doi.org/10.1088/1361-6587/abf22e  

https://doi.org/10.1063/1.5145170
https://doi.org/10.1016/j.nme.2019.100722
https://doi.org/10.1016/j.ijms.2019.116252
https://doi.org/10.1016/j.nme.2020.100731
https://doi.org/10.1088/1741-4326/abc9f4
https://doi.org/10.1039/C9RA09935B
https://doi.org/10.1016/j.jcp.2020.109688
https://doi.org/10.3390/ma13204524
https://doi.org/10.1016/j.fusengdes.2020.111744
https://doi.org/10.1016/j.fusengdes.2020.112047
https://doi.org/10.1088/1741-4326/ab7a68
https://doi.org/10.1088/1741-4326/ab7a68
https://doi.org/10.1016/j.nme.2021.100994
https://doi.org/10.1016/j.nme.2021.101026
https://doi.org/10.1088/1361-6587/abf22e


28 
 

S. Shermukhamedov, L. Chen, R. Nazmutdinov, A. Kaiser & M. Probst (2021). Modelling the 
sputtering and reflection from a beryllium surface: atomistic analysis. Nuclear Fusion, 61(8). 
https://doi.org/10.1088/1741-4326/ac044e 

 

  

 

 

 

  

https://doi.org/10.1088/1741-4326/ac044e


29 
 

 

EUROFUSION ORGANIGRAM 
MANAGEMENT STRUCTURE 

 

 

 

 

 

  

AUSTRIAN PARTICIPATION (Fusion@ÖAW) 

bmbwf 

AUSTRIAN PARTICIPATION (Fusion@ÖAW) 



30 
 

AUSTRIAN REPRESENTATIVES IN FUSION COMMITTEES (2020-2021) 

 
Fusion Programme Committee 
 
Dr. Daniel Weselka    Federal Ministry of Education, Science and Research 
 
Univ.Prof.Dr. Friedrich Aumayr  Institute of Applied Physics / Technische Universität Wien 
(expert)     
 
EUROfusion General Assembly 
 
Univ.Prof.Dr. Friedrich Aumayr  Institute of Applied Physics / Technische Universität Wien 
 
FUSECom (EUROfusion Communicators`network) 
 
Mag. Monika Fischer   Austrian Academy of Sciences 
 
Lätitia Unger, BSc    Austrian Academy of Sciences 
 
Nadja Lampichler, Bakk., BA, MSc. Austrian Academy of Sciences 
 
Fusion for Energy (F4E) Governing Board 
 
Dr. Daniel Weselka    Federal Ministry of Education, Science and Research 
 
Univ.Prof.Dr. Friedrich Aumayr   Institute of Applied Physics / Technische Universität Wien 
 
F4E Administration and Management Committee (AMC) 
 
Mag. Monika Fischer   Austrian Academy of Sciences 
 
Lätitia Unger, BSc   Austrian Academy of Sciences 
 
Industrial Liason Officer 
 
Dr. Georg Weingartner    Austrian Federal Economic Chamber 
 
Kommission für die Koordination der Kernfusionsforschung in Österreich (KKKÖ) 
 

Chair:     Univ.Prof.Dr. Peter Steinhauser (ÖAW), until April 2021 

Chair:      Univ.Prof.Dr. Anton Rebhan (ÖAW), since April 2021 

  



31 
 

GLOSSARY OF SCIENTIFIC AND TECHNICAL TERMS 

Bootstrap current 

Theory predicted in 1970 that a toroidal electric current will flow in a tokamak which is fueled by 
energy and particle sources that replace diffusive losses. This diffusion driven bootstrap current, which 
is proportional to ß and flows even in the absence of an applied voltage, could be used to provide the 
confining magnetic field: hence the concept of a bootstrap tokamak, which has no toroidal voltage. A 
bootstrap current consistent with theory was observed many years later on JET and TFTR; it now plays 
a role in design of experiments and power plants (especially advanced tokamaks). 

Collisionality 

A measure of how frequently collisions occur in a tokamak plasma. A collisionality of unity corresponds 
to a trapped particle performing a single banana orbit before being scattered. 

Confinement regime 

In a magnetic field charged particles (ions and electrons) are forced to follow circular and helical orbits 
around the field lines. The low-confinement regime of tokamak plasmas with purely Ohmic or weak 
auxiliary heating is not viable for future fusion power plants. The latter will have to operate in so-called 
H-mode, i.e. in high-confinement regime with energy confinement in the presence of strong heating. 

ELMs 

Edge localized modes - instabilities which occur in short periodic bursts during the H-mode in divertor 
tokamaks. They cause sudden outbursts of the plasma thus expelling particles and depositing large 
heat flux onto the vessel wall. The plasma loses severe amounts of energy. In high-power fusion 
devices such as ITER or DEMO, powerful ELMs will cause erosion at the vessel wall. Finding methods 
to mitigate or suppress ELMs is therefore an important topic in present-day fusion research. 

Guiding center orbit 

The motion of an electrically charged particle such as an electron or ion in a plasma in a magnetic field 
can be treated as the superposition of a relatively fast circular motion around a point called the guiding 
center and a relatively slow drift of this point. The drift speeds may differ for various species depending 
on their charge states, masses or temperatures, possibly resulting in electric currents or chemical 
separation. 

Pedestal  

H-mode's high confinement stems from a sharp increase in the pressure at the edge of the plasma, 
known as the edge transport barrier or pedestal. 

Zonal flows 

Turbulence arising from the enormous difference in temperature between the core and edge of the 
plasma in e torus shaped tokamaks or stellarators may lead to substantial particle loss and reduced 
fusion power generation. Like in the giant gas planets Saturn and Jupiter, this temperature gradient 
also gives rise to global flows around the small torus circumference. The flows can be detected by 
sampling the electric potential, which shows pronounced bands, each extending on a complete flux 
surface. The flows exert a damping effect on the turbulence, which is favourable for the plasma 
confinement and reduces the technical effort necessary to keep the plasma burning. 

 

Sources:  https://www.euro-fusion.org/ 
                https://www.ipp.mpg.de/1765980/glossar 
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