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Important changes 
at MDC Vacuum.

We would like to take the opportunity to wish you all a Happy and Prosperous New Year for 2010.
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“The governments of the world have made a substantial investment in 
fusion research; the time has come to begin to capitalize on this.” This is 
the battle-cry of Stephen O Dean, president of the research and education 
foundation Fusion Power Associates. He feels that now is the time for the 
fusion community to pull together to make fusion power a reality (p14). 
Key to that goal is the success of the ITER project, but until it is con-
structed, the Joint European Torus (JET) based at the Culham Centre for 
Fusion Energy holds the world record for power output. A €60m upgrade 
could, however, see JET break its own record, and provide valuable infor-
mation for the ITER team in the process (p5). Getting the best out of ITER 
is not just a case of building the best reactor, it is also essential to be able 
to predict the conditions inside the plasma itself. Help is now at hand with 
the switch-on of a new supercomputer dedicated to the study of mag-
netically confined fusion plasmas. The High Performance Computer for 
Fusion, based at Jülich in Germany, is the first of its kind and should make 
plasma modelling easier for researchers (p11). But it is not just magnets 
that hold the key to fusion power, laser-driven inertial-confinement fusion 
may also play a role. The European High Power Laser Energy Research 
Facility (HiPER) may only be a feasibility study at the moment, but the 
lessons learned along the way will be vital for this alternative approach 
(p7). Whether it be ITER or HiPER, the future of fusion power will rely 
on talented scientists and engineers to drive the technology forward. Two 
innovative UK postgraduate training programmes in fusion energy aim 
to equip the next generation of fusion leaders (p9). Hopefully, they will 
take Stephen O Dean’s plea to heart and help make electricity from fusion 
a reality.

Fusion challenges 
and solutions

Contents
JET set to break own fusion record� 5
The completion of a €60m upgrade means the Joint European Torus can better mimic  
the technology needed for ITER, as Andy Extance reports. 

Laser fusion shifts into HiPER drive� 7
As an alternative to using magnets, laser-driven fusion power, is coming to the fore.  
Margaret Harris describes the current state of play.

Building career prospects in fusion� 9
Greg Tallents and Howard Wilson showcase two new UK postgraduate training  
programmes educating the fusion scientists of the future.

Fusion supercomputer starts up� 11
The High Performance Computer for Fusion, with a peak performance of 100 teraflops  
per second, could help get the best out of ITER’s plasmas, as Sibylle Günter explains.

FPA president predicts bright future� 14
Stephen O Dean discusses his vision for fusion power, and how the research and  
education foundation Fusion Power Associates can help.

©2009 IOP Publishing Ltd. All rights reserved.
Dirac House, Temple Back, Bristol BS1 6BE, UK.

http://www.pink.de


The world’s only color rad hard camera

Innovative Preamp per pixel CID design allows high
radiation tolerance and excellent image quality even
in low light conditions.

Got Radiation?
See what you’ve been missing

The Thermo Scientific MegaRAD series of radiation hardened CID

imaging cameras are capable of operating in high dose environ-

ments and provide excellent image quality to total dose levels over

100 times the tolerance of conventional solid state cameras.

• Color and Monochrome imaging to beyond 3 MegaRAD

• High resolution CID imager technology

• Small remote detachable head

Look closer at the Thermo Scientific line of radiation hardened

cameras.  Visit www.thermo.com/cidtec or contact us today

about new innovative imaging products.

Tel: 1-315-451-9410  • Email: sales.cidtec@thermo.com

©
20

08
 T

he
rm

o 
Fi

sh
er

 S
ci

en
tif

ic
 In

c.
 A

ll 
rig

ht
s 

re
se

rv
ed

. A
ll 

tr
ad

em
ar

ks
 a

re
 th

e 
pr

op
er

ty
 o

f T
he

rm
o 

Fi
sh

er
Sc

ie
nt

ifi
c 

In
c.

 a
nd

 it
s 

su
bs

id
ia

rie
s.

Part of Thermo Fisher Scientific

Photo courtesy of EFDA-JET.  Website:  www.jet.efda.org

Untitled-1   1 29/8/08   08:58:42

http://www.thermo.com/cidtec
http://www.jet.efda.org


F u s i o n  C h a l l e n g e s  a n d  S o l u t i o n s  D e c e m b e r  2 0 0 9     5

JET set to break own fusion record

Monitoring the development of fusion 
technology is not a pursuit for the impa-
tient. After a 10-year building phase that 
started in 2007, fusion experiments at 
the ITER project in Cadarache, France, 
are not set to begin until 2018. And with 
reports of construction delays, fusion 
enthusiasts would be forgiven for crav-
ing developments elsewhere to boost 
their morale. 

Such a lift could be provided by the 
Joint European Torus (JET) near Oxford, 
UK, which is the only fusion device 
currently in operation using the same 
deuterium–tritium (D–T) fusion reac-
tion that will be used at ITER. Physicists 
at the site will use €60m contributed 
by the European Commission and a 
consortium of national atomic-energy 
research bodies for JET’s revamp – its 
most significant since 1993 – to make it 
even more like ITER. 

The first signs of change are already 
noticeable. Although JET was only shut 
down for the upgrade in late October, 
many of the visiting scientists have returned to their home lab-
oratories, being partly replaced by a team of engineers that will 
upgrade JET by November 2010. After experiments restart in 
spring 2011, researchers aim to recommence D–T fusion reac-
tions in 2014. They believe that JET will beat its own 16 MW 
fusion-power-output world record, which was set in 1997. 

If reached, this achievement will be a direct consequence of 
replacing more than 4500 carbon-fibre tiles that were previ-
ously lining the inner wall of JET’s torus, and enhancing its 
neutral-beam heating system – one of several techniques used 
to raise the plasma to fusion temperatures. “Carbon fibres have 
this annoying property in that they act like a sponge, absorb-
ing deuterium and tritium,” explains Fernanda Rimini, deputy 
leader of JET’s support unit. As a result, the inner wall is con-
taminated with radioactive hydrogen isotopes, and the high-
temperature plasma where the fusion reaction occurs needs 
more D–T fuel. ITER plans to reduce these problems by using 
mainly beryllium and tungsten metal components instead, 
although initially it plans to keep some carbon-fibre compo-
nents. JET will install a wall made completely of beryllium 
and tungsten as part of its upgrade, which may even acceler-
ate the development of ITER. “If this wall is successful, then 
ITER might use it from the outset, rather than going through 
an intermediate stage that uses carbon,” says Rimini. 

With beryllium being used to tile most of the main chamber, 
a shortage of the metal proved a significant challenge for JET’s 

planners. As a result, they recycled four 
tonnes of their own used beryllium from 
redundant components from JET’s past 
experiments. Although it should help 
to improve fusion performance through 
its limited absorption of deuterium and 
tritium, beryllium will also pose chal-
lenges to JET and ITER’s physicists. It 
has a comparatively low melting point of 
1287 °C, so JET scientists will therefore 
need to study how best to integrate the 
new tiles and the 106 K plasmas that the 
chamber is set to contain.

Tungsten is more robust but is no less 
problematic. It melts at 3422 °C – much 
higher than beryllium – but it contami-
nates the deuterium and tritium in the 
plasma. To avoid this, JET and ITER 
will both limit its use to only the hot-
test area at the bottom of the vessel – 
the divertor – that takes exhaust heat 
and impurities away from the plasma 
and out of the tokamak. Unfortunately, 
melted beryllium forms an alloy with 
tungsten that has a melting point of just 

2247 °C, which accelerates the process of eroding the tung-
sten. “Beryllium and tungsten form little droplets and damage 
the divertor,” Rimini explains, “so we really need to rehearse 
the mitigation of the heat exhaust from the plasma.”

As well as a wall material that should help maintain high 
fuel concentrations for longer, JET’s similarities with ITER 
will be increased by upgrading its plasma-heating capabili-
ties. JET’s plasma is heated in several ways, but the upgrade 
will focus on improving the beam of highly energetic, but 
uncharged, tritium and deuterium fuel atoms, known as the 
neutral beam. JET’s neutral-beam power will increase from 25 
to 34 MW for up to 20 s pulses, or half this power for up to 40 s. 
Consequently, the overall power that JET can use to heat the 
plasma to the temperatures needed for fusion will increase to 
45 MW, allowing access to what Rimini calls “ITER-relevant 
conditions”. “The enhancement of the input power will have a 
big impact on performance,” she says. “With a machine with 
a metal wall and with significant auxiliary heating power, we 
can improve on the results from 1997.” 

As D–T experiments at JET will not begin until 2014, phys-
icists are careful not to overstate what it can achieve. JET’s 
ultimate target is to produce more power than it consumes 
– one of the main challenges in fusion-energy research. “We 
cannot say how close we will be to breakeven, but we defi-
nitely know that there will be progress,” says Rimini.
Andy Extance is a science writer based in Exeter, UK

The €60m upgrade to the Joint European Torus (JET) will let it mimic the design 
of the ITER experiment in France. Andy Extance reports.

After the upgrade, JET’s neutral-beam 
injector will reach a test power of 34 MW.
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Laser fusion shifts into HiPER drive

Something very big is about to happen in the world of laser 
fusion. At some point in the next two years, the US National 
Ignition Facility (NIF) should reach “ignition” – the moment 
at which a fusion device produces more energy than is 
required to start the reaction. When that happens, it will be 
the culmination of more than 50 years of research. Yet in 
many ways, ignition will be just the beginning. Releasing 
energy is one thing; releasing it in a form that could actually 
add a few gigawatts to a country’s electrical grid is another. 

One project that aims to help bridge this gap is the European 
High Power Laser Energy Research Facility, or HiPER. Led 
by the UK’s Science and Technology Facilities Council and 
backed by researchers from 26 institutions in 10 countries, 
HiPER’s mission is to carry out proof-of-principle research 
into energy generation from laser-driven inertial-confine-
ment fusion. The project is currently one year into a three-
year, €63m feasibility study, with construction slated to begin 
in about 2014, following a €100m prototype-development 
phase. The full facility, if built, is expected to cost at least 
€1bn and would be operational by the end of the coming dec-
ade, with a commercial laser-fusion power plant perhaps a 
further 20 years off. 

Such estimates place laser fusion on a similar timetable to 
the €10bn ITER facility that is currently being built in south-
ern France. But unlike ITER, which will use magnetic fields 
to contain deuterium–tritium plasmas at relatively low densi-
ties for several minutes, the idea behind HiPER is to hold fuel 
capsules at extremely high pressures for a few picoseconds 
(10–12 s) using lasers. As a laser beam heats the outer surface 
of the capsule, the surface expands outwards, causing the 
centre of the capsule to implode. Within 10–11 s of this implo-
sion, a second “fast ignition” laser then heats this dense core 
to a temperature of about 108 K, forcing the nuclei to fuse and 
releasing excess energy (in the form of neutrons) that could, 
in principle, be used to produce electricity. 

“Think of HiPER as being like a car engine,” says project 
director Mike Dunne, a physicist at the Rutherford Appleton 
Laboratory in Oxfordshire and head of the UK’s Central 
Laser Facility (CLF). “You inject some fuel – in this case 
a small ball-bearing full of deuterium and tritium – and the 
laser acts like a piston, compressing the fuel to the point at 
which the atoms fuse to form helium, and ignite a fusion burn 
wave. Lots of energy is given off, the fuel is exhausted and 
the process is repeated.”

The technological challenges are far from trivial. Igniting 
the fuel will require a laser capable of delivering a few peta-
watts (1015 W) of power – more than 10 000 times the entire 
capacity of the UK National Grid – in less than a picosec-
ond. Repeating the fusion cycle quickly enough to generate 
significant amounts of power may be an even bigger barrier. 
A large conventional power station typically produces a few 

gigawatts. To match this, a commercial laser-fusion power 
plant would need to fire five times a second. Such a high 
repetition rate is “about a factor of 10 from where we are now 
in the laser world”, Dunne acknowledges. The laser system 
at NIF, for example, can only fire every 2–4 hours. However, 
he adds that lasers develop quickly, and he believes that the 
required technology is only three or four years away. 

Developing laser technology to the point where it meets 
HiPER’s needs is a key part of the ongoing feasibility study. 
In particular, France’s Petawatt Aquitaine Laser (PETAL) is 
being developed as a forerunner to HiPER, with the specific 
goal of studying the fast-ignition process. In the UK, existing 
lasers at the CLF provide possible templates for achieving 
higher-power regimes. The titanium–sapphire-driven Astra-
Gemini laser, for example, is capable of firing once every 20 s, 
while the flashlamp-driven Vulcan laser is one of the world’s 
highest power systems, having recently received an upgrade 
to 10 PW. None of these lasers will be direct blueprints for the 
high-repetition-rate system HiPER needs, but Dunne notes 
that such world-class facilities do provide a huge talent pool 
for meeting the experiment’s technological challenges.  

HiPER’s is also expected to allow academic researchers to 
explore fundamental science at the extremes. A laser-fusion 
facility could be used to study solar physics, as well as “lab-
oratory astrophysics” like supernovae evolution. Exploiting 
HiPER’s ability to create a “star in the lab” will be a chal-
lenge for scientists, Dunne says, but he thinks the community 
is up to it. “There is a very large capability base out there,” 
he notes. “We would like to see part of that capability and 
capacity turn to this problem.”

Watch an interview with HiPER director Mike Dunne ●●

online at physicsworld.com.
Margaret Harris is Reviews and Careers editor for Physics 
World

Ignition will be a fusion milestone, but what happens next? Margaret Harris looks 
at how a laser project called HiPER could lead to a practical fusion power plant.

An artist’s impression of the HiPER facility.
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Building career prospects in fusion

Research into nuclear fusion has long offered the hope of a 
carbon-free source of power using cheap, plentiful fuel. It 
is now reaching a critical stage, with a series of major new 
developments around the world. Experiments will begin soon 
at the recently completed National Ignition Facility (NIF) in 
the US, while the massive, €10 bn ITER project is currently 
being built in France. Next year, NIF is expected to exceed 
“breakeven” – the point at which more energy is generated 
from fusion than is used to heat the fuel to fusion condi-
tions. ITER is designed to demonstrate that breakeven can 
be exceeded in reactor-relevant scenarios.

As interest grows in the potential offered by nuclear-
fusion research, the Department of Physics at the University 
of York in the UK has launched a Masters (MSc) degree in 
fusion energy. The department has also developed a Doctoral 
Training Network (DTN) in fusion energy, in collaboration 
with the universities of Durham, Liverpool and Manchester, 
as well as the Culham Centre for Fusion Energy (CCFE), 
the Rutherford Appleton Laboratory (RAL) and AWE 
Aldermaston. Students on the DTN, which is part-funded 
by the UK’s Engineering and Physical Sciences Research 
Council, focus during their first six months on the funda-
mentals of fusion physics with the Masters students before 
spending the rest of their three-year course doing research. A 
total of 13 students are taking the MSc course this year, with 
a further eight on the DTN.

Nuclear fusion, which powers the Sun, occurs when light 
elements such as hydrogen combine to form heavier elements. 
Fusion reactions generate lots of energy but require atomic 
nuclei to be forced together at very high temperatures in con-
ditions that are difficult to reproduce here on Earth. “Inertial 
confinement” facilities, such as NIF, aim to achieve fusion 
by compressing deuterium and tritium together to very high 
densities for short periods using lasers. ITER, in contrast, 
uses “magnetic confinement”, in which magnetic fields con-
fine lower densities of deuterium and tritium for much longer 
periods of time. The inherent efficiency of magnetic confine-
ment makes it the approach more likely to produce the first 
commercial fusion reactor, although inertial confinement is 
likely to be the first to achieve breakeven.

In the UK, several universities have offered PhDs in fusion-
energy research for some years, often based around facilities 
at the CCFE or at the Central Laser Facility (CLF) at RAL. 
However, the number of postgraduate students in fusion 
energy must increase – and that training must incorporate 
more taught material – if the UK is to remain competitive in 
the rapidly growing international fusion programme. It is for 
this reason that the MSc and DTN in fusion energy have been 
set up. The formal taught part of both courses is delivered 
at York and includes lectures on a diverse range of topics in 
fundamental plasma physics, fusion technology and the sci-

entific measurements required in a fusion plasma.
In a dedicated new Fusion Learning Studio, also at York, all 

students attend laboratory sessions on magnetic- and inertial- 
confinement fusion and learn basic techniques for compu-
tational simulation of plasma phenomena. Masters students 
complete their training with a three-month research project 
over the summer. Some projects are associated with the UK’s 
Mega Amp Spherical Tokamak (MAST) national facility at 
the CCFE or at the CLF. After completing six months of for-
mal training in fusion at York, the DTN students then carry 
out research projects at one of the participating universities. 
Some projects use the Joint European Torus (JET) and MAST 
tokamaks or, for inertial fusion, the CLF. Potential research 
projects for the doctoral students are broad, covering every-
thing from plasma eruptions and instabilities in tokamaks to 
opacity measurements for inertial-fusion experiments.

Students also benefit from a week-long fusion-technology 
workshop in York in January with invited expert lecturers from 
the CCFE and RAL, while a “frontiers and interfaces” work-
shop will take place in May featuring seminars and discussion 
sessions with leading researchers in the field. The latter will 
include core fusion subjects, but also related disciplines such 
as astrophysics, advanced instrumentation, nuclear materials 
and technological plasmas used in industry. 

The MSc and the DTN in fusion energy both give students 
high-level technical knowledge of particular aspects of fusion 
research, but are also made aware of work in related fields and 
industries. The experience and training will ensure that stu-
dents are well equipped for a range of exciting career options. 
Those students who choose to stay in fusion research and 
development will be well prepared to build on their compre-
hensive training to become the next generation of international 
leaders who will make electricity from fusion a reality.
Greg Tallents and Howard Wilson are in the Department 
of Physics, University of York, UK, e-mail gjt5@york.
ac.uk and hw508@york.ac.uk (www.york.ac.uk/physics/
research/plasma-physics)

Greg Tallents and Howard Wilson describe two innovative new postgraduate 
training programmes in fusion energy.

The Fusion Learning Studio at the University of York.
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Fusion supercomputer starts up

On 1 August a new supercomputer was turned on at the 
Forschungszentrum Jülich Supercomputing Centre in 
Germany. The High Performance Computer for Fusion 
(HPC-FF), which is dedicated to the study of magnetically 
confined fusion plasmas, will help physicists to make reliable 
predictions of the conditions inside fusion reactors – including 
ITER, which is currently being built in Cadarache, France.

The supercomputer consists of 1080 computing nodes, 
each equipped with two Intel Quad Core processors, and can 
achieve a peak performance of about 100 teraflops per sec-
ond. A high-level support team has been created to improve 
the performance of existing computer codes and bring new 
numerical techniques to the fusion community. The core of 
the team is at the Max-Planck Institute for Plasma Physics and 
the Garching Computer Centre of the Max Planck Society, 
which both have extensive expertise in computational plasma 
physics. The other members are at various European fusion 
institutions and the team’s activities are partly funded by the 

European Union. The team’s work is co-ordinated by the 
European Fusion Development Agreement (EFDA), which 
comprises various leading fusion research institutions and 
the European Commission.

ITER is expected to begin experiments in 2018, and in 
2026 it should achieve its ultimate goal of using magnetic 
fields to confine a high-temperature plasma of deuterium and 
tritium. When that happens, some nuclei in the plasma should 

Sibylle Günter explains how a new 
high-performance computer will help 
to get the best out of the ITER project.

The High Performance Computer for Fusion is now up and 
running in Jülich, Germany. It has 1080 computing nodes.
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undergo fusion reactions that convert a portion of their rest 
mass into energy. Physicists hope that ITER will be the first 
such reactor to generate substantially more power than is 
supplied to the plasma from the outside for heating. 

To achieve this goal, the complex behaviour of such plasmas 
is being studied in experimental devices worldwide – ranging 
from large facilities like the Joint European Torus (JET) in 
the UK to smaller university-based experiments. At the same 
time, advances in computing, along with the development of 
more elaborate physics models and their implementation in 
complex computer codes, have driven plasma modelling to a 
new level of realism. These models are tested continuously 
against experiments and form an integral part of the prepara-
tions for the operation of ITER. 

Among the first physics problems to be tackled by HPC-FF 
will be the simulation of turbulence in plasmas, which can 
degrade the performance of a reactor. The primary aim of 
this research is to gain a better understanding of turbulence 
in current experiments and extrapolate this knowledge to a 
reactor such as ITER. HPC-FF will allow physicists to per-
form numerical simulations that cover larger computational 
domains (up to an entire reactor) and to include more physical 
effects than had been possible in the past. 

A new effect that must be investigated for ITER is “thermo-
nuclear self heating”, whereby charged fusion products (ener-
getic ions with MeV energies) are expected to transfer their 
energy via Coulomb collisions to the thermal plasma particles 
(of keV energy) – heating the plasma in the process. These 

energetic ions can resonate with and possibly destabilize 
plasma waves in the reactor. This could lead to energetic ions 
being expelled from the plasma, bombarding the surround-
ing walls and reducing the lifetime of the plant. Numerical 
investigations of the non-linear interactions between plasma 
waves and energetic particles are therefore of utmost practical 
relevance to the design of ITER and other reactors.

A further focus of the HPC-FF is to gain a better under-
standing of how materials used within a reactor deteriorate 
when exposed to neutrons created in fusion reactions. This 
is a complex process beginning with the formation of tiny 
defects during collision events and culminating in macro-
scopic changes in material properties over the lifetime of a 
reactor. As a result, such models must bridge the range from 
nanometres to metres and from picoseconds to years.

The ultimate goal of such modelling is to provide physicists 
with the tools to simulate all relevant processes in a magnetic 
fusion device, just as a flight simulator helps aeroplane pilots 
to fly. This goal is not yet achievable, even with the most 
powerful computers available today. Europe and Japan have 
therefore agreed to join forces to provide fusion research-
ers with a next-generation high-performance computer. This 
system will start operating by 2012 in Rokkasho – Japan’s 
candidate site for ITER – and is expected to have a peak per-
formance of a few petaflops per second. 
Sibylle Günter is a director at the Max-Planck Institute  
for Plasma Physics in Garching, Germany, e-mail  
sig@ipp.mpg.de
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Bollenwaldstrasse 112  ·  63743 Aschaffenburg  ·  Germany
Telefon +49 6028 9997-0  ·  info@oelze-praezision.de

For more than 80 years we are engaged in the concept of accuracy.
We are specialized in producing engineering parts made of natural
stone (e.g. granite). We can handle these components until a length
of 10 meters, at a request on straightness and flatness of microns.
Technical advice, construction, processing, manufacturing, site as-
sembling and starting up. Everything from one source. 
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Hˉ ION SOURCE
D-Pace, Inc. has licensed 

Hˉ volume-cusp ion sources 
from TRIUMF. The 15 mA, 

30 keV Hˉ ion source, featured 
here, has 4 rms normalized 
emittance <0.8 mm•mrad. 

This TRIUMF type DC volume-
cusp Hˉ ion source, model 

IS•15mA•30keV•Hˉ produces 
stable and reproducible Hˉ ion 
beams with low emittance and 

high brightness.

EMITTANCE SCANNER
Shown here is an Emittance/
Phase Space Scanner, which 

D-Pace, Inc. has licensed 
from TRIUMF. The emittance 
scanner provides the phase 
space characteristics of a 

low energy charged particle 
beam, such as the phase space 
distribution, (x,x , intensity) or 
(y,y , intensity) and a detailed 
characterization of low energy 

charged particle beams.

www.d-pace.com
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FPA president predicts bright future

Fusion Power Associates (FPA) is a 
not-for-profit research and education 
foundation providing information about 
the development of fusion energy and 
other applications of plasma science and 
fusion research. Its membership includes 
institutions, individuals and small busi-
nesses. FPA was formed 30 years ago 
and its aim, then and now, is to ensure 
the timely development and acceptance 
of fusion as a socially, environmentally 
and economically attractive source of 
energy. Stephen O Dean co-founded 
FPA in 1979 and has been its president 
ever since. He trained as a physicist and 
spent 14 years managing fusion pro-
grammes for US government agencies.

What is FPA’s role?
FPA’s members are heavily involved in all aspects of fusion 
development and play a key role in a number of international 
collaborations, including the ITER project. The foundation 
consolidates information and news on fusion developments 
from around the world on its website and also distributes 
this information to its members, the media and government 
officials via its electronic newsletter Fusion Program Notes. 
It provides lay-level materials and expert advice on plasma 
physics and fusion energy to the general public and runs an 
awards programme to honour leaders in the fusion commu-
nity. It also publishes a more extensive bimonthly newsletter, 
Fusion Power Report, which is available on subscription.

How would you assess the current state of fusion science?
Globally, there is an increased urgency to develop new, envi-
ronmentally friendly sources of energy. Fusion should play a 
key role in the long term. With the recent completion of the 
laser-based National Ignition Facility (NIF) in the US and the 
start of construction of ITER in France, fusion is entering a 
new era – one that involves the actual production of fusion 
energy, though not yet on a commercial scale. Thus there 
will necessarily be a growing technology base required for 
the eventual practical application of fusion energy. Industry 
will be heavily involved in manufacturing the components 
for ITER and this experience will be essential if commercial 
applications are to follow. 

What do you see as the main challenges facing those 
involved in fusion science?
There are many scientific and technological advances that are 
still required for fusion to become a successful commercial 
power source. I think these advances will come in the normal 

flow of gaining experience from ongo-
ing R&D. But the major issue, I think, 
is the high cost of fusion facilities and 
their associated development. Will gov-
ernments be prepared to foot the bill for 
this over the next 20 years? Can we find 
a way to reduce the cost of fusion devel-
opment with new discoveries?

How can FPA’s programmes help to 
address these challenges?   
One of FPA’s primary functions is pub-
lic education, to help everyone realize 
the potential of fusion. Fusion is an 
energy source for which the fuel is read-
ily available to all nations and that poses 
essentially no adverse effects on the 
environment. However, it does require 
difficult, advanced technology and that 

will not come quickly. Thus, a significant, dependable source 
of financial support for fusion development is essential for an 
extended period of time. The foundation works with the man-
agers of fusion-research programmes, through annual meet-
ings and symposia, to focus their attention on the benefits of 
working together towards a common goal.

How does FPA plan to develop?
When it started out, FPA was primarily an industry associa-
tion with the aim of bringing the private sector into fusion 
development. As interest in energy research waned in the 
1980s and 1990s, it lost many of its industrial members, but 
it did retain and grow its membership among universities and 
government labs. Now, as we enter what is hopefully a fruit-
ful new era of energy research, FPA hopes to attract industry 
back so that firms can work hand-in-hand with research-
ers to forge a path towards commercial fusion applications. 
Industrial participation in ITER is key to such an evolution.

What are your predictions for the future of fusion science?
First, we must get ITER built. The project is very ambitious 
and expensive. It is also on an extremely long timescale. 
One hopes, however, that the experience gained from the 
construction and operation of the project – combined with 
complementary efforts in materials development, smaller 
innovative experiments and parallel developments in theory 
– will allow a global effort to begin construction of the first 
demonstration fusion power plant. The governments of the 
world have made a substantial investment in fusion research; 
the time has come to capitalize on this.
Stephen O Dean is president of Fusion Power Associates 
(http://fusionpower.org)

Stephen O Dean, president of Fusion Power Associates, discusses how we must 
all work together to make fusion a success.

Stephen O Dean believes that fusion’s 
time has come.

http://fusionpower.org
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Looking for high-energy candidates?

Web-based Modules and Courses in

Plasma Physics and Vacuum 
Technology
The School of  Mathematics and Physics at Queen’s University Belfast 
offers a range of  web-based, taught modules in Plasma Physics and 
Vacuum Technology.  The modules can be taken individually or can be 
combined to form the basis of  a 
• Master of Science (MSc) in Plasma Physics 

or a 
• Master of Science (MSc) in Plasma and Vacuum Technology. 
The former course requires a presence at Queen’s University only for 
a short period in the second semester and possibly for the summer 
research project.  
The latter course is part-time, specifically designed for those in full-time 
employment and does not require attendance at Queen’s University.
For research students or employees who need to quickly acquire a basic 
knowledge of  plasma physics, there is a 4 week “Introduction to Plasma 
Physics”. Other modules are taught over 8 or 12 weeks. 
Full information on module content and course and application details 
can be downloaded at http://www.qub.ac.uk/mp/cpp/MScCourses/.

For further information you may contact physics@qub.ac.uk.

Centre for

Plasma Physics
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•  From 2 to to 64 channels
•  Up to 5 GS/s sampling rate
•  FPGA fimware for Digital Pulse Processing

• Up to 14 bit resolution

•  VME, NIM, PCI Express and Desktop form 
factors

•  VME64X, Optical Link, USB 2.0, PCI Express 
Interfaces available

•  Memory buffer: up to 10MB/ch (max. 1024 
events)

•  Multi-board synchronization and trigger 
distribution

•  Programmable PLL for clock synthesis

•  Programmable digital I/Os

•  Analog output with majority or linear sum

• FPGA fimware for Digital Pulse Processing

- Zero Suppression

- Smart Trigger for pulse detection

- Trapezoidal Filters for energy calculation

- Digital Charge Integration

- Digital CFD for timing information

- List Mode

- Particle Identification

- Possibility of customization

•  Software Tools for Windows and Linux

Waveform Digitizer

•  Up to 5 GS/s sampling rate
•  FPGA fimware for Digital Pulse Processing

Electronic InstrumentationCAEN
Tools for Discovery

Small details
Great differences

www.caen.it

Form factor / Interfaces / Channels

VME NIM Desktop PCI
Express

Series Full scale 
Range (V)

AMC 
FPGA(*)

Input Type Max. Sampling 
Rate (MS/s)

Bandwidth
(MHz)

Resolution 
(bits)

Memory
(MS/ch)

VME64 
Opt. link

USB2.0 
Opt. link

USB2.0
Opt. link

PCI 
Express

724 ± 1.125 / ± 5
EP1C4/
EPIC20

Single Ended 
Differential

100 40 14 0.5/4 8 ch 4 ch 4 ch Coming
Soon

720 ± 1 EP1C4
Single Ended 
Differential

250 125 12 1.25/10 8 ch 4 ch 4 ch Coming
Soon

721 ± 0.5 EP1C4
Single Ended 
Differential

500 250 8 2 8 ch - - -

731 ± 0.5 EP1C4
Single Ended 
Differential

500-1000 250/500 8 2-4 8-4 ch - - Coming
Soon

740 ± 1 / ± 5 EP3C16 Single Ended 65 30 12 0.19/1.5 64 ch 32 ch 32 ch -

751 ± 0.5 EP3C16
Single Ended 
Differential

1000-2000 500 10 1.8-3.6 8-4 ch 4-2 ch 4-2 ch -

742(1) ± 0.5 EP3C16 Single Ended 5000 Tbd 12 0.128 32+2 ch 16+1 ch 16+1 ch -

(*) AMC: ADC & Memory controller FPGA. ALTERA models available: EP1C4: Cyclone (4.000 LEs), 1C20: Cyclone (20.000 LEs), EP3C16: Cyclone III (16.000 LEs).
(1)  Switched capacitor 
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