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The picture gives an insight
into the Mega Ampere Spherical Tokamak (MAST) which
is currently being upgraded in
Culham. CCFE physicist Scott
Silburn is developing a code to
calibrate camera views of fusion experiments. A a nice sideeffect it produces some very
pleasant images. Picture: © Copyright protected by United Kingdom Atomic Energy Authority
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Sometimes JET’s control room in Culham, England is packed with people. More
than 350 scientists and engineers from all over Europe currently contribute to
the largest operating fusion experiment in the world. Their future remains uncertain now that the United Kingdom has decided to leave the Euratom programme.
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LEAVING THE COMFORT ZONE
If you‘re the smartest person in the room, you‘re in the wrong room. –
that was basically what departing EUROfusion fellow Gergely ‘Geri’ Papp
enjoyed greatly. As a rather young scientist, he was able to work with
experienced fusion researchers who have thus always had something new
to teach him.
In order to enhance its training and education activities, EUROfusion
has allocated 16 % of its budget to support fusion-related PhD and pre-
doctoral studies. This investment nurtures the next generation of fusion
researchers.
In fact, the fusion community cannot start training ITER’s future staff
early enough. The ITER Organization, amongst others, already reaches
out to school children. During the “ITER robots” final in May, more than
500 French pupils will be competing against each other while solving
virtual tasks for the biggest experiment to come. The students will have
been learning about ITER for six months. In addition to this, they have
enjoyed practical lessons on how to programme a robot – a win-win
situation both for ITER and for the schools.
ITER is obviously quite well supported by the European community. This
certainly applies to EUROfusion’s current experimental campaign which
comprises the research at one stellarator and (now) five tokamaks, including JET, the largest fusion experiment in the world.
JET‘s future remains unclear as it is a European experiment located on
British soil. 350 international scientists on site are currently contributing
to the tokamak. The UK Government is preparing to leave the European
Union, including the Euratom treaty. Although Science Minister Jo Johnson has said that JET’s unique position should not be compromised, CCFE
engineer and French citizen Alexandrine Kántor, is still worried.
Learning something fresh and overcoming obstacles is a key feature of
EUROfusion, even in places you would not expect it. In IPP’s workshop
in Greifswald, three refugees have started a new life. Struggling at first
with language and culture, both the instructor and his apprentices have
succeeded in their tasks.

GERI PAPP
For two years, a EUROfusion grant has
supported Geri Papp’s work at the IPP.
His research on “Runaway Electrons” has
brought fusion research a step closer to
solving one of the mysteries of fusion
plasma. The scientist has recently been
awarded with the Károly Simonyi Memo
rial Plaque and Prize of the Hungarian
Nuclear Society. Picture: EUROfusion

ALEXANDRINE KÁNTOR
CCFE engineer Alexandrine Kántor beca
me quite famous during the recent debate
on “Brexatom”. Since the UK Government
has declared that it intends to leave Eura
tom, the French fusion expert spoke out in
support of the rights of EU citizens living
in Great Britain. The magazine “Nature”
quoted her and even the House of Lords
listened to her strident statement. Picture:
© Copyright protected by United Kingdom
Atomic Energy Authority

MOHAMAD HAITHM
ALNHAS HUMSE
Mohamad Haithm Alnhas Humse is not a
fusion scientist but a Syrian refugee with
skills in the metal working industry. He
and his brother found new jobs at the IPP
workshop in Greifswald after German re
search institutes decided to open up posi
tions to immigrants. Picture: EUROfusion
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TURNING A MAGNIFIER ON THE
The picture shows a long
eruption on the surface of the
Sun. Uncontrolled bursts of
energy can also happen inside
a fusion plasma. EUROfusion
tries to tame these unwanted
losses of confinement with a
focused experimental cam
paign. Picture: NASA

plasma
A

ll of EUROfusion’s experimental
campaigns are dedicated towards
making ITER’s plasmas a success. But
fusion plasmas are not yet fully understood. Hence, Fusion in Europe has put
a magnifier inside TCV, ASDEX-Upgrade,
MAST-U and WEST. Those tokamaks
might be considerably smaller than
their big brother JET, but they help to
address important problems like the
control of ELMs, how to flexibly operate
different plasma regimes, and testing
materials for ITER.
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The 2017 European fusion
programme will, for the first
time, involve experiments at
three so-called Medium Size
Tokamaks (MSTs). The Upgraded
Mega Ampere Spherical Toka
mak (MAST-Upgrade) in the UK
is about to join its friends ASDEX
(Axially Symmetric D
 ivertor Ex
periment)-Upgrade in Germany
and the Tokamak à Configura
tion Variable (TCV) in Switzer
land. Additional support is pro
vided by from France w ith its
material testing tokamak, WEST.
The Tungsten (or Wolfram in Ger
man) Environment in Steady
state Tokamak already saw its
first plasma in December 2016.

Edge-Localised
Modes (ELMs)
inside the
plasma of MAST.
Picture:
© protected by
United Kingdom
Atomic Energy
Authority

THE HIGH-CONFINEMENT MODE AND ITS ELMS
The holy grail of fusion research is to find an operational
regime which produces high performance plasmas with
out the observed and unwanted bursts of energy and
particles. These bursts are called ELMs (Edge Localised
Modes) and can result in heat loads which damage the
plasma facing components. For this reason, they should,
at least, be controlled.
ELMs appear in the most commonly used regime of
tokamak operation, the so-called high confinement mode
(H-mode). This mode develops when plasmas are heated
above a certain power threshold, which increases with
density, magnetic field and machine size. The H-mode
regime has the advantage of creating plasma which maintains (confines) the energy for a longer time compared to
other modes.
This year, EUROfusion will take advantage of the flexibi
lity of TCV and ASDEX-Upgrade in order to further
investigate methods for ELM control.

Read more about ELMs in the
article “Keeping fusion
research on the boil”

www.euro-fusion.org/newsletter/
keeping-fusion-research-on-the-boil-threetokamaks-and-one-stellarator/


IN SEARCH OF “SMALL ELM OR ELM-FREE”
REGIMES
Controlling ELMs is one way of solving the problem. Another one is the investigation of other plasma regimes that
feature high confinement while simultaneously creating
small “not damaging” ELMs or no ELMs at all.

QH-MODE
One of these regimes is the so-called ‘Quiescent H-Mode’
(QH-mode). It has been investigated on several tokamaks
before, amongst them ASDEX and JET, but has only been
tested on the systems when they had a vessel wall made of
carbon. However, fusion power plants are expected to have
tungsten walls. Since ASDEX-Upgrade and JET have now
been upgraded to an inner wall made of tungsten, EUROfusion has decided to operate them again in QH-mode. As
the general plasma properties change while going from a
carbon to a metallic wall, finding out the impact of the
wall on the QH-mode will be interesting.
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EUROfusion has put the fea
sibility of ITER’s operation into the
heart of its research. Of course,
the main design for ITER is fixed
but its plasma can still be modi
fied. All of the data gathered by the
medium-sized tokamaks will be
used in computer models which
should help predict the behaviour
of the plasma including challen
ges such as ELMs, runaway elec
trons and disruptions. After testing
the simulations again on the me
dium-sized machines and JET, it
will then be time to scale them up.



Great progress has been
made in understanding and
increasing the operating
conditions, particularly
density.
Dr Amanda Hubbard, Principal Research Scientist, MIT

ASDEX-Upgrade started ope
rating at the beginning of March
with 24 days dedicated to the
EUROfusion programme. The first
EUROfusion TCV experiments are
expected to commence in May
with 27 dedicated days. Finally,
MAST-U hopefully join its Euro
pean colleagues at the end of
year with ten days of operations.

6

I-MODE
Another promising ELM-free regime is the „I-mode“,
which has a thermal but no particle barrier so that it can
reach high energy confinement but does not confine impurities. It has been studied mainly on Alcator C-Mod and
ASDEX Upgrade before. Further experiments are planned
this year on AUG and TCV, and in 2018 on MAST-U and
WEST.
“Naturally ELM-free regimes would be a huge advantage!”,
states Amanda Hubbard from the Plasma Science and
Fusion Center (Massachusetts Institute of Technology) who
has devoted her research to the study of I-Mode regimes.
Overall, these approaches seem to offer the best solutions,
but are still very much a work in progress. Nevertheless,
Amanda Hubbard is excited to see the outcome: “Great
progress has been made in understanding and increasing
the operating conditions, particularly density”.

KEEPING IT TOGETHER
Disruptions are just additional challenges in fusion
experiments. Plasma is an ionised gas. Magnets in the
tokamak keep it in shape and thus prevent the metal wall
from being melted by the strong heat and particle flux.
But in the event of disruptions, the magnetic confinement
gets lost. Consequently, the ionised gas hits the vessel wall.
It is highly energised and damages the metallic surface.
Occasionally, electron runaway beams follow a disruption.
These also often result in strong heat loads and forces exerted on to the wall.
The fusion research community has already developed
methods designed to avoid or as the scientists say “to
mitigate” those disruptions. Testing the effectivity of those
methods at TCV and ASDEX-Upgrade will be one of the
tasks of EUROfusion’s programme this year.

TESTING ITER’S DIVERTOR TILES
EUROfusion also welcomes the new French tokamak
WEST. After sealing the vacuum vessel on the 24th of
February, WEST is ready to start the first campaign on
the 4th of April. It will last until the 30th of June including
a three-week interruption to install the first Ion Cyclotron
Resonance Heating Antenna.
The French Research Unit CEA which hosts the tokamak aims to ensure that ITER’s divertor will be produced
efficiently and that it will perform to its best in the harsh
conditions of a fusion plasma. Divertors are the ashtray of
fusion experiments. It is a specially armoured structure
containing the so called divertor plates which must handle
the heat and particle loads thrown at.
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Inside ASDEXUpgrade.
Picture: IPP/
Volker Rohde

We are increasingly creating
the synergies between all these
machines. We have to, in
particular, greatly facilitate
the exchange of information
amongst our scientists. This year
is going to be very important as
about 400 scientists will travel
around Europe. We should be
able to get big results out of our
‘smaller’ tokamaks.

Firstly, WEST’s researchers will have to make sure that
procurements for ITER’s future ashtray are well estab
lished. They are designed to optimise the industrial scale
production. This means not only the establishment of the
supplier chain but also the proper training of ITER’s staff.
Secondly, the French Research Unit CEA will minimise
the risks for ITER divertor operations. Not an easy task
since the plasma-facing components will be exposed to a
heat load that is ten times higher than that of a spacecraft
re-entering Earth‘s atmosphere (10-20 MWm²). EURO
fusion supports the study of tile shape’s and their properties when exposed to a strong heat and particle flux.
WEST still has a long way to go. So far, the tokamak has
only just started operation. The next step for the French
Research Unit CEA is to develop its regime of operation
and to prepare all the specific diagnostics.

Dr Marie-Line Mayoral, EUROfusion’s Experimental
programme group leader

WEST is not the only EUROfusion device which is going
to test materials for ITER. Among them are, for instance,
the Magnum-PSI linear plasma generator at the Dutch
Institute for Fundamental Energy Research (DIFFER) and
the PSI-2 experiment at Forschungszentrum Jülich.

FRAMING DIVERTOR CONCEPTS

See also the article: Snowflake
and the multiple divertor
concepts

There are several divertor concepts and they must all
be tested thoroughly in order to define the best choice
for DEMO, the first experimental fusion power plant.
Experiments atTCV and the newly upgraded spherical tokamak MAST will enable EUROfusion’s scientists to further e xplore some of the already existing
schemes.
n

www.euro-fusion.org/
newsletter/divertor-concepts/
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THE

UK LEAVES

EURATOM – BUT, WHAT

ABOUT JET AND
ITS STAFF?

Staff inside JET‘s control room excitedly watching the monitor. Picture: © Copyright protected by United Kingdom Atomic Energy Authority

A

n article, released by the magazine
Politico on January 26 this year, hit

the British scientific community like a
bomb: The British government seeks to
exit E
 uratom! This information was r ather

a footnote in the Article 50 bill which
applies to the withdrawal from the European Union. Even famous English communicator Brian Cox couldn’t help but call the
decision “terrifically stupid” on Twitter.
8
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Alexandrine Kántor, Picture: © Copyright protected by United Kingdom Atomic Energy Authority

THE BREXATOM LIMBO
The so-called “Brexatom” developments
have led to an atmosphere of uncertainty
and concern around the staff of EUROfusion’s
UK Research Unit, the Culham C
 entre
for Fusion Energy (CCFE) – the r esearch
arm of the UK Atomic Energy Authority
(UKAEA). “’Brexatom’ makes me lose every
thing. As a European citizen I might lose my
right to live and work in the United Kingdom. Also, I might not be able to continue my
efforts on the EUROfusion project ‘DEMO’”,
says French Alexandrine Kántor who serves
as a Electrical Design Engineer at CCFE.

JET: ALMOST 90% FUNDING
FROM EUROPE
Around 100 scientists from outside Britain
currently work at Culham, on JET, the Joint
European Torus. As a joint venture, JET is
collectively used by more than 40 Euro
pean laboratories. EUROfusion provides
the work platform to exploit the tokamak

in an efficient and focused way. Its operations receive funding of €69 million Euro,
87.5% of which is provided by the European
Commission and 12.5% by the UK.
It is the only existing fusion device capable of
operating with the deuterium-tritium fuel,
which will be the fusion fuel of the future.
JET is a crucial precursor to the success of
ITER, the world’s largest fusion experiment
to come. In 2025, ITER will start operations
to prove that fusion energy is feasible.

EUROFUSION WILL PUSH FOR
OPERATIONS UNTIL 2020
Alexandrine now fears that this timetable
cannot be kept. “We need to provide fusion
energy in 50 years. ITER can’t work properly
if we can’t continue experiments on JET”, she
claims.

9
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European collaboration has
made JET the success it is today.
We will push for an extension of
its operation, at least until 2020,
but certainly also beyond.

Jo Johnson

Tony Donné

Picture: © Copyright protected
by United Kingdom Atomic
Energy Authority

The current contract to operate JET runs until the end of 2018, so the short-term f uture
of JET is secure. For the time being, EURO
fusion will do everything possible to continue
the very good relation with CCFE. “European
collaboration has made JET the success it is
today. We will push for an extension of its operation, at least until 2020, but certainly also
beyond”, says EUROfusion Programme Manager Tony Donné. This also requires a smooth
transition to a secure f uture, not least for
the people that are affected by the UK with
drawing from Euratom.

CALMING THE WATERS
Discussions between UKAEA CEO and
CCFE Director, Ian Chapman and senior
UK Government officials are ongoing and
Minister of State for Universities, Science,
Research and Innovation, Jo Johnson MP
has stated that “the UK supports Euratom,
and we value international collaboration
in fusion research and the UK‘s key role
in these efforts. Maintaining and building
on our world-leading fusion expertise and
securing alternative routes into the inter
national f usion R&D projects such as the Joint
European Torus (JET) project at Culhamand
the ITER project in France, will be a priority”.



Jo Johnson

SLOWING DOWN BREXATOM
Since then, Alexandrine won’t sit on her
hands. She is the administrator of “The
3 Million”, an organisation of EU citizens living in the UK. She is constantly in talks with
Members of the British Parliament in order
to speak out for her community:

Ian Chapman
Picture: © Copyright
protected by United
Kingdom Atomic Energy
Authority
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Maintaining and building on
our world-leading fusion
expertise and securing
alternative routes into the
international fusion R&D
projects such as the Joint
European Torus (JET) project at
Culham and the ITER project in
France, will be a priority.



I hope that the ‘Brexatom’
process can be slowed down
until we find an equivalent
which protects our rights.
Alexandrine Kántor
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Brian Cox
Picture: Wikimedia



I´m trying to use temperate
language, so here goes:
Terrifically stupid, utterly
shitheaded, myopically
parochial idiocy.
Pointless damage.
Brian Cox

From JET to the first fusion
power plant
The largest tokamak in the world, the
Joint European Torus (JET), investigates
the potential of fusion power as a safe,
clean, and vir tually limitless energy
s ource for future generations. EURO
fusion, the Consortium for the Develop
ment of Fusion Energy, facilitates the
efficient exploitation of the experiment.
As a consequence, more than 350 scien
tists and engineers from all over Europe
currently contribute to JET’s programme.
The operation of the JET facilities is pro
vided as an in-kind contribution to the
consortium via a contract between the
European Commission and the Culham
Centre for Fusion Energy (CCFE).
JET is the current fusion device closest to
ITER, sometimes even referred to as “little
ITER”. As a matter of fact, the experimen
tal results and design studies performed
by JET are consolidated to a large extent
into the ITER design. Once ITER operates,
it should deliver ten times more power
than it consumes.
Therefore, its predecessor JET is equipped
with unique facilities needed to operate
a fusion power plant. The next foreseen
device after ITER, DEMO, is expected to be
the first fusion plant to provide electricity
to the grid.
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HOW ASTERIX AND
IDÉFIX SERVE FUSION

RESEARCH
A model of the big laser
facility uses a Playmobil figure
to demonstrate its size.
Picture: EUROfusion

S

ometimes it needs a couple of good
friends to accomplish big things. In the

French comic, Asterix had a little friend called
Idéfix who mostly stayed in the background
to solve a major part of the plot in the end.
This is a different story of A
 sterix and his
friend. It’s about the main characters of the
Prague Asterix Laser System, one of only a
few European laser labs which enable the
examination of high density plasmas.
12

The laser ASTERIX arrived in the Czech
R epublic as a German immigrant. This
a rrival was the starting point for a joint
laser laboratory founded by the Institutof
Plasma Physics and the Institute of Physics
e stablished by the Czech Academy of
Sciences (CAS) in Prague.
Until 1997, the Max Planck Institute of
Quantum Optics (MPQ ) in Garching
(Germany) had operated the powerful
iodine photo dissociation laser under its
offic ial n ame ASTERIX IV. Following an
EURATOM-assented agreement, the Czech
Academy of Sciences offered ASTERIX an
entirely new home.

| Research Units | EUROfusion |
THE PRAGUE ASTERIX LASER
SYSTEM
In fact, the arrival of the German laser was
the birth of a facility that is difficult to find
in Europe. It offers a base for X-ray laser
experiments using kilojoule-class pulses
with a typical duration of 350 picoseconds.
Therefore, ASTERIX IV was upgraded
with a new beam distribution and delivery
system. The target chambers of the Prague
Asterix Laser System (PALS) were designed
to provide a flexible capability for a broad
spectrum of laser-plasma experiments,
the X-ray laser application experiments in
particular.

GET BEHIND THE FLOW
In fact, the study of plasma under conditions
of extreme pressure and temperature serves
fusion in many different ways. Hot plasma
fuels a fusion experiment, but its charac
teristics are not yet fully understood.

COMBINING THE SHORT AND
ULTRA-SHORT LASER PULSES
In fact, the by then newly set up laser lab in
Prague enables the further investigation of
hot laser-produced plasmas.
But the power of Asterix alone is not sufficient to unveil the secrets of plasma. Every
Asterix needs a small c anine friend. Some
time later, the former German k ilo-joule
gas laser was joined by a small but useful
friend, a solid-s tate-laser CPA (Chirped
Pulse Amplification) system providing
ultra-short pulses which carry energy of only
several Joules. The addition helped to realise
synchron ised short and ultra-short pulses
in order to control the time delay between
these two pulses.

Our lab is very busy and full
of people most of the time.


Libor Juha

The combination now provides us with the
unique chance to carry out sophisticated
time-resolved experiments. This means that
a pulse can be stretched out in order to further investigate the influence of the shot on
the plasma. Being smaller, but serving as the
perfect team player to the powerf ul A
 sterix
laser, the CPA laser was consequently
named after the French comic character‘s
dog.

PUMP-AND-PROBE EXPERIMENTS
Libor Juha, Head of the Laser Plasma
D epartment and of the Department of
R adiation and Chemical Physics at the
Institute of Physics CAS is very proud. Since
2000, the PALS facility has been one of the
few in Europe which offers a considerable
number of so called “pump-and-probe
experiments” in both high-energy-density
physics and high-energy chemistry. A pump
pulse creates a special state of matter and
a probe pulse is used for probing the state
after an adjustable delay time.
Libor doesn’t need to advertise PALS any
further: “Our lab is very busy and full of
people most of the time.“ This is proven by
the high number of shots which have been
fired in the Czech laser lab. Last year, the
laser lab celebrated a total amount of 50,000
shots – a huge number of tiny but powerful
explosions which only a strong f riendship
can persist. 				 n

The powerful laser Asterix is supported by Idéfix
(the French translation for Dogmatix) in Prague.
A sign on the lab door makes sure you know
where you are. Picture: EUROfusion
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I

shtar is the name of the Mesopo
tamian goddess of love and war.
But, at the Max Planck Institute for
Plasma Physics (IPP) in Garching,
Ishtar is a testbed designed to help
unravel the secrets of the plasma
edge in fusion experiments.

love

war

FROM
AND
TO PLASMA’S

EDGE

The Ishtar testbed delivers plasma in a cylindrical shape. Picture: EUROfusion
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BENEATH THE EYES OF A LION
Whenever they can, the members of Ishtar’s
international team show visitors the refurbished home of the Ion C
 yclotron Sheath
Test Arrangement, short Ishtar, at the IPP
site. A large lion painted onto the back wall
of the control room greets the guests. Back
in Mesopotamia, this animal represented
the antique deity Ishtar – and can still be
seen today on the eponymously named Gate
which is exhibited in the Berlin Pergamon
Museum.
According to legend, Isthar had used all her
wiles to access the secrets of the underworld.
If we apply this tale to a fusion device, the
underworld represents the region of the
plasma edge. The section haunted by the
electrical fields of the antennas which heat
the plasma.

THE WALL AND THE ENERGY
The experiment in Garching will deliver valuable data to enhance the quality of fusion
plasmas. In a fusion experiment, the plasma
edge may be imagined as a protective skin:
its properties control the power and particle
exchange between the plasma core and the
vessel walls. Thereis a strong interplay between the plasma edge and the first wall. The
processes that take place at the plasma edge
are crucial when it comes to both protecting
the vessel’s i nner wall (“first wall) from the
plasma and for confining the plasma energy, which is important for a future fusion
power plant. Unlike a tokamak or a stellarator, Ishtar offers flexible operation which
costs less and requires less preparation time.
Nevertheless, the outcome of research
c arr ied out using Ishtar is important for
European fusion science and is t herefore
supported by EUROfusion.

ANTENNAS UNDER FUSION
CONDITIONS
Since 2013, the experiment investigates
models of ICRF antennas in realistic plasma
edge conditions. ICRF stands for Ion Cyclotron Range of Frequencies. These antennas
inject waves into the plasma. In a fusion
experiment, such as a tokamak, the waves
resonate when their frequency matches the
frequency at which ions gyrate around the
magnetic field lines and subsequently the
plasma is heated. More complicated effects
may occur at the edge, which may also deteriorate the heating.

NOT A DOUGHNUT, BUT A CYLINDER
Ishtar forms an entirely different plasma
shape than that of a tokamak. Instead of
the famous doughnut, it provides a cylindrical plasma in a longitudinal magnetic
field.
Therefore, the machine consists of a main
vacuum vessel which is connected to a
p lasma source. Two magnetic field coils
encircle the container. The installed ICRF
antenna is powered by an ASDEX-Upgrade
generator providing up to several hundred kilowatts. Attached to the side of the
vacuum vessel is the large plasma source
(1m long and 40 cm in diameter), a glass
tube fed with argon, helium or hydrogen.
It is equipped with a helicon antenna and
magnetic coils.

15
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Part of the team in front of the Ishtar lion: (from left to right in the front row) Roman Ochoukov (developing the
probe diagnostics and operating Ishtar), Rodolphe D’Inca (responsible for the machine); (in the back) Kristel
Crombé (Ishtar project leader), PhD students Ana Kostic, Jonathan Jacquot (developing the theoretical models
and operating Ishtar), Marii Usoltceva and Jean-Marie Noterdaeme (Head of the ICRF department).
Picture: EUROfusion
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Ishtar is developing into
an experimental platform for
master and PhD students and for
international collaborators.
WAVE COUPLING
The design of Ishtar generates a plasma w
 ith the charac
teristics of a tokamak’s e dge p
 lasma in the main vessel,
right in front of the ICRF antenna. Hence, it is a facility
which enables the investigation of the ICRF wave coupling
with the fourth matter.

PREDICTING BIG PLASMA AND BEYOND
The device was set up specifically to d eliver the data
for the benchmarking of the ICRF-edge theories, but
it a lready contributes to other areas related to plasma
production and ICRF-plasma interactions.
After implementing additional diagnostics in 2017, the
researchers are confident that they will be able to deliver
experimental data to verify or falsify theories describing
the edge of ICRF heated plasmas. The models will also
allow extrapolations to larger plasmas such as those in
JET or ITER.

ISHTAR – AN INTERNATIONAL EXPERIMENTAL
PLATFORM
Ishtar is developing into an experimental platform for
master and PhD students and for international colla
borators. It not only facilitates the investigations of
phenomena between the ICRF antenna and the plasma.
Thanks to the flexible conditions it creates, it also enables
the validation of codes with data in simplified geometries
or d
 iagnostics, before implementing them on an opera
tional tokamak.
n

The Isthar gate at the
Pergamon museum
in Berlin. Picture:
Wikimedia Commons
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G

erman research organisations, among them the
Helmholtz Association and the Max Planck Society,
publicly announced the opening up of job positions for
refugees. The Max Planck Institute for Plasma Physics
in Greifswald, home to stellarator Wendelstein 7-X, has
accepted the challenge. Three Syrian refugees are now
being trained in the field of precision instrument making.

A WORKSHOP
FAR FROM

DAMASCUS

18
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Fräsen

Entgraten

Dexel

Spundung

schleifen

Stanzen
Schlacke

Schleifpapier

Nut

Schwalbenschwanz Schleifpapier
Sicke
Komplettbearbeitungsmaschine
Nutenziehmaschine Keilwelle Fertigungsmesstechnik

spanend

Specific German words related to the metallworking industry.

FINDING HOME IN A WORKPLACE
“When I first saw it, I thought it was a hospital but not a
workshop. It was so clean”, says Mohamad Haithm Alnhas
Humse (called “Haithm”) with a shy smile. At least he was
able to find something familiar in a place 3,700 km far
from home. The mechanical workshop of the Max Planck
Institute for Plasma Physics (IPP) in Greifswald reminds
him of the tiny shop his father used to run. But, his former
working place is currently out of order: there is no elec
tricity anymore in that part of Damascus.

PRECISION INSTRUMENT MAKING
Before he and his brother Mohamad Alnahas Alhomsi (cal
led Mohamad) escaped their home country Syria, they were
producing cooking pots. Their basic knowledge of the metalworking industry has brought them to Siegfried Hartig.
For more than 35 years, Siegfried Hartig has taught young
Germans in the tricks of precision instrument making.
Although the instructor will be retiring next year, he has
taken on a whole new challenge: training grown-ups with
a very basic understanding of German and an entirely
different cultural background.
Belal Khattab working on one of the machines.
Pictures: EUROfusion
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ACCEPTING THE CHALLENGE
Haithm and Mohamad do not talk much. They remain
rather silent and attentive as Siegfried Hartig demonstrates putting a piece of metal into the workshop’s vice.
The language barrier is the first challenge, and is proving
difficult for both sides. Safety regulations must be taught
and understood. Secondly, the trainees need to learn the
specific terminology of the field; words even a German
native speaker would have problems understanding.



I work hard in order to
integrate; I want
my wchildren to have
a future here.
Mohamad Haithm Alnhas Humse

Siegfried Hartig explains how hard it was for him and his
pupils to overcome the linguistic challenges. There are no
books available that would help him or his Syrian apprentices to translate the most important things. “Basically, it
is all hands-on and all in German, from the very start”, he
explains. So strong wills and complete dedication are necessary in order for the two brothers, Haithm and Mohamad,
as well as their colleague, Belal Katthab, to succeed.

FOR THE FUTURE OF THEIR CHILDREN
“I work hard in order to integrate; I want my children to
have a future here”, says Haithm, the older brother. After
arriving safely in Germany two years ago, he managed to
bring his wife and the twins, who are only 18 months old,
here. And he also spent time looking for a job. By that
time, the German Helmholtz Society, of which IPP is an
associated member, and the German Federal Employment
Agency had announced a pilot project for refugees which
offers positions in research or technical fields.

A FIRST CONTACT
Haithm, Mohamad and Belal are based in Greifswald
and are three of ten refugees in the Helmholtz Institutes
who are doing a so-called initial training placement. This
placement was originally designed to prepare German
youngsters to enter into a three year apprenticeship. Siegfried Hartig, his superiors and the board of directors of
IPP decided to give it a go after the three applicants had
successfully completed a first internship in autumn 2016.



I thought I would never
haveto say this but I have
occasionally wished for 
German students to be so
reliable, eager to l earn and
committed to their
traineeship.
Siegfried Hartig
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LOT OF PAPERWORK
Although IPP had the means to realise the pilot project, it
took Katja Kuettler, Head of the Administration, a lot of
paperwork. According to her, this preparation time was
time well spent: “Our research institute is supported by
public money so, I think, we should give society something
in return.” It is important to her that a topic, which still is
intensively discussed in Germany and beyond, is incorporated into the daily life of a research institute “It is a great
opportunity for our staff to a ctually get to know Syrian
refugees and work with them. It is challenging stereo
types, of course”, she adds.

| Research Units | EUROfusion |



It is a great opportunity for our staff
to actually get to know Syrian r efugees
and work with them. It is challenging
stereotypes, of course.
Katja Kuettler

AN ACT OF WILL
Instructor Siegfried Hartig, a patient man with friendly
eyes, surely confirms that. “ I thought I would never have
to say this but I have occasionally wished for German
students to be so reliable, eager to learn and committed
to their traineeship.” Every morning, Haithm, Mohamad and Belal arrive on time, and their day starts at seven.
Of course, they also complete their homework as well as
attending a further language class.

LEARNING GOES BOTH WAYS
There are the cultural differences as well. A
 Christmas
p arty can become tricky. Siegfried Hartig thought of
serving traditional mulled wine, a hot spiced red drink for
him and his protégés. But since his students do not con
sumealcohol, it was necessary to switch to a non-alcoholic
version, a fruit punch. Alternatives were also required for
some of the sweet treats since they usua lly contain gela
tine, an i ngredient which M
 uslims do not eat because it is
often made from pork products. – “I deal with it. In fact,
I learn a lot too”, says the instructor s milingly.

OFFERING PROFESSIONAL WORKERS
The initial training placement for Haithm, Mohamad
and Belal will last from February until August this year.
After this they should be able find an apprenticeship
for 3.5 years to become a trained Precision I nstrument
Maker. Unfortunately, IPP does not have the options to
pursue this. To make sure his trainees will make their
way, Siegfried Hartig diligently checks the local newspapers for job positions.
„We have taught them the basics. They even know a
profound amount of German and terminology related
to the field. For a job within a company, their skills are
already golden“, he says.
n
Mohamad is currently learning the
basics of metal precision instrument
making. He needs to find an
apprenticeship for 3,5 years after the
initial training placement at IPP.
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THE JOINT

EUROPEAN
TORUS

RELEASES ITS
FIRST CD

“F

usion is the energy of the
future and I try to create
the soundtrack of the future”,
says Carlos Arillo, leader of a
music group called “Poupées
Électriques”. They are a group
of experimental electronic
m usicians influenced by the
“ futurism” movement of the 
early 20th century and compose m
 usic to the sounds of
engines, mechanical wings or
airplanes. Naturally, they invited the Joint European Torus to
become a singer in their band.
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Nick Balshaw (left) with Carlos Arillo
in JET’s torus hall. Carlos records the
sounds of JET. Picture: prIvate
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Carlos listening
closely to JET’s song.
Picture: private

You might consider it fate when Carlos met again with his
friend Ana Manzanares. While they were updating each
other about what had happened since they had lost sight,
Ana started talking about her job at the Joint European
Torus (JET) in Culham. JET is considered the pre-step
to a new kind of energy, a symbol for the future. At this
point, Carlos became all ears and finally asked her: “What
sounds does JET produce?”



You would love it! JET is
full of amazing noises!
Ana Manzanares

is what Ana answered. And so the story began.

JET IS ABOUT TO BECOME A MUSIC STAR
While searching for resonance in and outside the tokamak,
Ana received support from one who knows the machine
like the back of his hand: Nick Balshaw, JET’s current
Acting Chief Engineer. He really enjoyed the idea that his
long-time tokamak colleague should become the star of
a music piece: “I am not a fan of alternative music, but

23

| Moving Forward | EUROfusion |



I was left speechless by the
richness of JET’s tunes. They come
with a large spectrum of
frequencies and dynamic changes.
Carlos Arillo

I am a fan of JET. Anything that brings our
tokamak to the attention of the public is a good
thing”, he says.

CHASING THE SOUNDS ON SITE
Nick showed Ana where to tune into the ma
chine’s clamours: the fly-wheels, the cooling
towers or the fizzling noises of the electric cables
after a pulse had been fired. His favourite: “A surprising tone is the jingling of the amplifiers and
bus bars for the toroidal field coils.”
Time was scarce while recording the different
tunes. The team had only a few minutes to quickly
change locations before another pulse was shot.
“You know the signs of the machine when there
will be another pulse. So, I checked the countdown on my phone and ensured we could make
it to the different places in time”, says Nick.

CONNECTING THE OLD AND THE NEW
Carlos, who has been searching for futuristic
noises for 20 years now, is still amazed by the

world’s most developed fusion experiment:
“I was left speechless by the richness of JET’s
t unes. They come with a large spectrum of
f requencies and dynamic changes.” He who
performs with up to six musicians on stage gave
the machine the space it would need in its m
 usic
piece. The Spanish artist did not make use of
much instrumentation as he converted the
20 hours of JET sounds into 50 minutes on a CD.
”I have only used a synthesizer to interact with
some of the frequencies”, he says. He also added
his speciality to the fusion orchestra: the theremin, the first electronical musical instrument.
“The theremin, the oldest ‚new‘ instrument in
the w
 orld, will connect with fusion, the newest
way of realising energy.”
n

The project will be released as a
boxed CD in summer this year. The package
contains a disc with the music made from
JET’s sounds as well as additional video
and information material on fusion and
the JET project itself. The work will be in
troduced during an event at the Medialab
Prado in Madrid. The first concert will be
played at CCFE so that JET can listen itself.
www.poupeeselectriques.com

Carlos in search of the
soundtrack of the future
around JET. Picture: private
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WIN-WIN SITUATION WITH THE

ITER ROBOTS
COMPETITION
T

he ITER Organization is
always looking for future
fusion e
 xperts. Since 2012,
school children have been
t aking part in a competition
called “ITER Robots”. The
challenge is a win-win situation
for both ITER and the pupils.

Picture: Wikimedia

ROBOTS ON A CIRCUIT
The number of pa r ticipa nts in the ITER
Robots competition is growing. From the original two regional schools that subscribed to
the first tournament, it has grown to incorporate 500 students from 30 regional secondary
and higher-education establishments for this
year’s competition. Each team, regardless of its

school level, participates in four technical trials
to be solved by robots which they have trained in
school. One of these tasks is “The way challenge”.
The robots must be guided following a marked
course. The robot that conquers the circuit the
fastest and in the most precise way makes its
team a winner.
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Contestants following “their”
robot during the ITER robots
competition last year.
Pictures: Agence ITER France

IT‘S NOT JUST ALL FUN AND GAMES
ITER Robots benefits both sides. The project has already
made the world’s largest fusion experiment famous for
school children. They get to visit the big construction
sitewhen the final fight takes place on site in Cadarache.
The competition is not only fun and games but also hard
work and extra hours at school. It takes six months to
prepare for the final match. The applicants subscribe to
ITER Robots in November but the event only takes place
in May of the following year. The project becomes part of
the regular syllabus, as a special technology lesson or as
part of a r obotics group.

In a scientific conference in February, the organisers, the
Agence ITER France and its partners ITER Organization,
Aix Marseille Nice Academy and EUROfusion’s French
Research Unit CEA IRFM, inform the teams about the
specifics of the devices and explain the principles and
rules. During a mid-step assessment sometime later,
the contestants present their work to the scientific com
mittee which consists of ITER, Agence ITER France,
CEA engineers and teachers.

A robot conquers a given
circuit. The fastest and
the most precise will win.
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CROSS-DISCIPLINARY APPROACH
Teachers enjoy the practical approach of
this project: “This contest corresponds to
the actual educational ‘cross d isc iplinary
approach’; from technology to French and
foreign languages as well as history, from
science to general international knowledge”,
says teacher Hari R
 atiarison. His team from
the Rosa Parks School in Marseille won the
ITER Robots competition last year.
The robots, by the way, can be built with free
design kits (Arduino, Raspberry Pi) or Lego
Mindstorm robots. The teams are asked to
purchase their own equipment themselves.



In fact, creativity is highly
encouraged.
Sylvie André

The head of Communications and External
Relations from Agence ITER France, Sylvie André, hopes that ITER Robots will rise
from a national competition to a European
challenge, as it is already the case for the real
ITER tasks.

FOR WHAT IT’S WORTH
It is not only a question of value for the ITER
project that young people can be trained and
educated on their site. It is also important for
the young participants: “For my students it
was a way to display that they exist, in other
words, to prove that their work matters and,
in the end, to show their worth”, explains
teacher Ratiarison.
n

Competitors during the final match of ITER robots in May last year. About 500 school children will participate in 2017.
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I

TER is the world’s largest experiment to come. It is set to prove the
feasibility of f usion power. Both industry and science need to support
the s
 uccessful realisation of the big tokamak in the south of France.
The European fusion research is organised through EUROfusion.
Fusion for Energy oversees the industrial contributions to ITER.
This infographic compares both.

PURPOSE
Fusion for Energy’s main task is collaborating
with European industry, small and medium
sized enterprisess and r esearch organisations to
provide components for ITER and later DEMO.
Fusion for Energy (F4E) is also coordinating the
European activities within the Broader Approach.
F4E members are represented by the European
Commission (Euratom); the 28 Member States of
the E
 uropean Union plus Switzerland.

EUROfusion coordinates European fusion
experiments to support the science behind ITER
and D
 EMO. It comprises 30 European fusion labs
and their Linked Third Parties, and organises the
joint use of dedicated d
 evices. The consortium
agreement has b
 een signed by 30 members, representing 2
 6 European Union member states plus
Switzerland and Ukraine.

ESTABLISHED
October 2014

April 2007

FOUNDATION
The Council of the European Union
created Fusion for Energy u
 nder the
Euratom T
 reaty as an independent
legal entity for a period of 35 years.

The EUROfusion Consortium has
been set up to carry out a Grant
Agreement between the European
Commission (Euratom) and the
European fusion labs.

FUNDING
EUROfusion receives € 424 million from
the Euratom H
 orizon 2020 programme to
managethe European Fusion Programme
from 2014 to 2018. About the same amount
comes from Member States, adding up to an
overall b
 udget of € 850 million for five years.

28

E

F4E manages the European contribution
to ITER which amounts to € 6.6 billion for
the phase of ITER construction.
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HEADS
Programme Manager:

Director:

Tony Donné

Johannes Schwemmer

STAFF
415 staff members
(31st December 2016)

53 employees, mostly engineers
and physicists

STRUCTURE
The Governing Board, F4E’s main body, brings
together representatives from all the member
countries of F4E at least twice per year. The
Director is the chief executive o
 fficer of F4E and
is responsible for its day-to-day management.

The General Assembly is EUROfusion’s u
 ltimate
decision-making body which meets four times
a year. It represents all consortium members.
Similar to a D
 irector’s role, the Programme
Manager plans, coordinates and implements the
programme. The Programme Management Units
support the Programme Manager.

HEADQUARTERS
Barcelona, Spain (additional offices in
Cadarache, France, and Garching, Germany)

in Garching, Germany, on the site of the 
Max Planck Institute for Plasma Physics
(one additional office in in Culham, UK, at
the Culham Centre for Fusion Energy, h
 ome
to the Joint European Torus, JET)

PROJECTS
• The Joint European Torus (JET) which is
operated as a common facility for researchers
across Europe
• The medium-sized tokamaks ASDEX-
Upgrade, TCV and MAST-Upgrade
• The stellarator Wendelstein 7-X
• The Plasma Facing Component test d
 evices:
WEST, Magnum PSI, Pilot PSI, PSI-2
• EUROfusion also sponsors specific
experiments on other devices; both inand outside Europe
• Development of DEMO’s conceptual d
 esign,
the first demonstration fusion p
 ower plant

• F4E is responsible for the European share of
ITER and supports specific research projects
and test facilities such as the Neutral Beam Test
Facility in Padua, Italyy
• F4E is involved in joint initiatives with J apan
through the Broader Approach; an agreement
between Euratom and Japan to further pursue
fusion research.
• F4E has ultimately the responsibility of
establishing DEMO, but has agreed that EUROfusion conducts the preparatorywork, including
Pre-Concept Studies and eventually the Conceptual Design Activities
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EUROFUSION FELLOWS:

HUNTING

FAST AND SLOW

A

ntti Snicker likes fast things. And
he likes to hunt them. Maybe that
is why the fusion scientist brought his
two dogs when he moved to Germany.
The Finn is pursuing his research
on fast particles in fusion plasmas. He, his German Shorthaired
Pointers Pisla and Elli and another
EUROfusion fellow, the Hungarian Gergely ‚Geri‘ Papp, share an
office at the Max-Planck-Institute
for PlasmaPhysics in Garching
(IPP). Antti and his dogs are
about to continue their chase
during the next two years with
the support of a EUROfusion
grant. By that time, Gergely
Papp will end his time as a
EUROfusion fellow – high
time for Fusionin Europe to
sum up what Geri has achieved
and to check what the future might
hold for Antti.
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That is how a dog of
a fusion researcher
looks on its way to
chasing fast elements.
Picture: Eemeli Snicker

| Young Faces of Fusion | EUROfusion |
DASHING AFTER IONS AND ELECTRONS
Antti and Geri share the same office. In fact, they are both
investigating fast particles inside fusion plasmas. Geri
tries to tame unpredictable electrons; Antti focuses on
what keeps the fusion plasma hot: ions. Both particles are
crucial for maintaining stable fusion plasmas. In the end,
it’s an effective co-working space because sometimes Geri
even dogsits for Antti.

CHASING BEAMS
A hot plasma fuels the f usion experiments. The high
temperature, between 100 and 200 million degrees
Celsius, allows negatively charged electrons in the atoms
to be freed from their parenting nuclei and consequently
creates positively charged ions. The lonely electrons
usually move around in the plasma, collide with other
particles and cause no harm. But sometimes they start
rushing uncontrollably along their race course and
become what is known as “runaway electrons”. This is
where Geri’s research comes in: “The runaway beam
carries a significant amount of magnetic and kinetic energy, and if it hits the wall it can result in large localised
heat loads,” he says. This may damage the walls of the
tokamak.

Antti Snicker enjoys hunting in his
spare time. The picture shows him
with his dogs Elli and Pisla in his home
country Finland. Picture: private

AWARD WINNING RESEARCH
After two years of research, Geri has come a step closer to solving the mystery of the runaways: “We have
gathered a lot of data in order to validate models which
should d
 escribe the phenomena properly, but now it’s time
to test them on the machines.”



I appreciate that I have
a foot in the door. There are
only a few fusion positions in
Finland and I would love to
pursue my career there.
Antti Snicker

New EUROfusion fellow Antti
Snicker. Picture: EUROfusion
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During his time as a EUROfusion fellow he became one
of the scientific coordinators to lead an international
experimental campaign at the medium-sized tokamaks
ASDEX-Upgrade in Germany and Tokamak à Configuration Variable in Switzerland. His research on the tiny but
powerful electrons has recently been awarded with the
Károly Simonyi Memorial Plaque and Prize of the Hungarian Nuclear Society.

SCALING UP TO ITER
Antti and Geri aim to extrapolate their research to ITER. What they investigate on the European tokamaks
should one day help to make the plasma of ITER a success; finally demonstrating that fusion energy is feasible.
“A unique feature of EUROfusion is its ability to scale up
the models and experiments. We can operate table-top
tokamaks like Golem, then proceed to ASDEX-Upgrade,
and then move on to running our experiments on JET,
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one of the largest operating tokamaks in the world”,
states Geri.

JOIN THE ROUND TABLE
“The EUROfusion grant allows young researchers to join a
specialised team of senior experts. Without the fellowship,
I guess, I would not have had the chance”, says Geri. This is
what also matters for his roommate Antti. The post graduate student who currently works as a post-doc at IPP will
continue his research at EUROfusion’s Finnish Research
Unit in June, supported by the EUROfusion grant. Antti
will continue to chase the ions which are crucial for the
plasma performance.

NOT KNOWING ENOUGH
“As a post-doc I will be regarded already as an expert in my
own field in Finland. But I know that I am not yet quite there.
I still need the European exchange to get a lot of feedback

| Young Faces of Fusion | EUROfusion |



The EUROfusion grant allows
young researchers to join
a specialised team of senior
experts. Without the fellowship,
I guess, I would not have
had the chance.
Gergely Papp

The research of Geri Papp
and Antti Snicker is supported by a
EUROf usion fellowship which runs
Outgoing EUROfusion fellow
Gergely Papp with the Karoly
Simonyi Memorial Plaque
of the Hungarian Nuclear
Society. Picture: IPP

for two y ears.These grants are part
of EUROfusion’s training and educa
tion initiative and designed to nurture
the next generation of f usion ex
perts. Every post-doc student in a

and help. For example, here at IPP I am able to knock on a
door of a colleague’s office and get a very specific answer. In
Finland I would have to use Google Scholar, write an email
or make a Skype call and it will always take a lot more time.”

FOOT IN THE DOOR
The passionate hunter enjoys not h aving to worry
about funding or contracting over the next two years:
“I also appreciate that I have a foot in the door. There are
only a few fusion positions in Finland and I would love
to pursue my career there”, he says. After two years of
not seeing his wife much, he feels like it is time to come
home. His dogs are eagerly waiting to chase through the
Scandinavian woods again.
Meanwhile, Geri hopes to continue hunting for runaway
electrons at IPP. He will probably miss his mates, Antti,
Pisla and Elli. 				
n

fusion-related field may apply for this
scholarship. The applicant needs to
make sure that they find a working po
sition at one of the EUROfusion labs.
Every y ear, approximately 30 engi
neers and scientists are selected to
receive support from the EUROfusion
R esearcher Grants and the EURO
fusion Engineering Grants program
mes. An total of 16 percent of EUROfusion’s budget is spent on Education
and Training initiatives.
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summing up |

MAST-U HAS
ALREADY LEFT
ITS MARK

T

he first plasma is due to be shot in autumn this year, but
MAST-Upgrade has already got under the skin of Ivan Lupelli.

The Data Scientist now proudly displays a tattoo which shows
the spherical tokamak’s plasma. Fusion in Europe asked what
drove him to lend the experiment some of his skin.

Why did you choose this particular image?
I was discussing fusion as a source of clean energy and its
prospects for a sustainable future with a friend of mine;
Ilaria Meli who is also a tattoo artist. She was so impressed by the passionate scientific community and their
efforts worldwide that she suddenly said “You should
get a t attoo!!!” So, after a week of research, I chose an
image that I found in our archives and got it tattooed!
I discovered recently that it is from my current boss, Rob
Akers. It is a simulation of a particular MAST-U Super-X
configuration.

Ivan Lupelli is passionate about
data-driven analysis, machine
learning and the use of predictive
modelling to draw meaningful
insights from big nuclear fusion
data. Picture: © Copyright
protected by United Kingdom
Atomic Energy Authority

What did he say when he saw it?
He wasn’t the slightest bit surprised because he knows
how enthusiastic I am about the UK fusion programme
and my insistence upon accuracy. The latter point worries
him. He is concerned that I might be moving on to ITER
physics one day and is wondering where I will find space to
put the ‘ITER ink’, because I will need to find a large body
part since he is sure that I would try to achieve a 1:1 scale
relative to the MAST-U tattoo.
Why did you choose to put the tattoo on your forearm?
Because it’s easy to see and easy to cover up, depending on
the situation. It arouses curiosity in those who haven’t seen
it before and proves to be an excellent talking point with
people when it comes to my work at CCFE and the world
fusion programme in general.
Do you have any more fusion related pieces?
No. Now I have the machine on my skin, I hope that I can
add some new exciting results soon!

A tattoo on Ivan’s left forearm shows a plasma model
from the upcoming spherical tokamak MAST-U (see also
the cover of this issue). Pictures: private/© Copyright
protected by United Kingdom Atomic Energy Authority
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After all, what does MAST-U mean to you personally?
It will be the first machine that my younger colleagues
and I have seen developed from genesis, through design
toc onstruction. It will be the first demonstration of the
„Super-X divertor“ in the world, so we feel a great responsibility to deliver high quality data to both the UK scientists
and the EUROfusion community.
n
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