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DIRECTOR'S
FOREWORDS

| am very pleased to bring you the Highlights of
2012-2013 of the Instituto de Plasmas e Fusao
Nuclear and of the Association Euratom-IST.
This report covers the activities carried out in the
scope of Association Euratom/IST, the Contract
of Associated Laboratory, the European Fusion
Development Agreement (EFDA), the Contracts
with the ITER International Organization (ITER 10)
and the European Joint Undertaking for ITER and
Fusion Energy (F4E), Projects of the general 7th
Framework Programme of the European Union,
Projects of the European Space Agency (ESA)
and Projects funded by Fundacao para a Ciéencia e
a Tecnologia.

IPEN accomplished a remarkable number of mile-
stones and achievements:

Conclusion of contracts with Fusion for Energy
on remote handling and of the contract with
ITER International Organization for the devel-
opment of the ITER prototype Fast Plant sys-
tem Controller;

Start of the contract for provision of engi-
neering support on instrumentation control
and the signature of the Framework Partner-
ship Agreement for the development of ITER
Plasma Position Reflectometry and Collective
Thomson Scattering;

Strong participation in the European Fusion
Programme: among other activities, it is worth
noting the contribution to JET scientific exploi-
tation (at a level of 6% of the participating re-
searchers during campaigns), on JET operation
(several IST researchers work full time at JET
providing support to operation and diagnostics)
and on JET management, and the contribution
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to medium-size tokamaks, in particular Asdex-
Upgrade, which have been an integral part of
the activities;

Access to external large scale research infra-
structures, namely, the approval of two ex-
periments at the Stanford Linear Accelerator
Center in the scope of LCLS and FACET, more
than 45 million cpu hours of supercomputing
time on SUperMUC (Munich, Germany), and an
experiment on double stage plasma electron
acceleration at the Astra Gemini laser facility
(Rutherford Appleton Laboratory, UK);

Strong progresses on the synthesis of gra-
phene and other carbon nanostructures, the
pretreatment of biomass, the production of
hydrogen by the decomposition of alcohols, and
the production of active species of interest for
biomedical applications, using microwave gen-
erated plasmas;

Conclusion of the construction works of the
building for the new laboratory infrastructure,
the European Shock Tube for High Enthalpy Re-
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search (ESTHER) — this world-class research
infrastructure, funded by ESA, will enable the
participation in high-level research on plasma
re-entry effects as well as further synergies
between IPEN research groups, namely on con-
trol and data acquisition, diagnostics develop-
ment, and material characterization, benefitting
from the recently created Group of Materials.

These projects fostered innovation, created quali-
fled employment and potentiated the creation of
teams able to attract additional funding and inno-
vation through R&D activities. The excellence of
the research performed at IPFN has been recog-
nized through several awards won by our research-
ers and through a high number of publications in
prestigious journals.

High Level Education and Outreach activities are
essential in this strategy. IPEN continues actively
striving towards attracting the best MSc and PhD
students. The Advanced Programme on Plasma
Science and Engineering (APPLAUSE) awarded to
IPENin 2013 will be crucial to achieve this goal. Fur-
thermore, we know that new blood is fundamen-
tal to the research unit's success and we continue
motivating new generations to science through
courses on Lasers and Nuclear Fusion for second-
ary school teachers, seminars at high schools and
regular visits to IPFN laboratories.

2013 has also been the end of a cycle with the end
of the contract of Association-Euratom-IST (to be
replaced by the consortium EUROfusion from 2014

onwards). The integration into the activities of the
FusionRoadmap and of the Framework Programme
Horizon2020 will require strategic thinking and ad-
aptation. The challenges ahead are enormous! | am
nevertheless certain that it is an endeavour that
IPEN researchers will endure and succeed.

Participation on large-scale projects is made
through long-term commitment and funding sup-
port. On behalf of IPFN, | would like to acknowledge
the support of EURATOM, EFDA, FCT (through pro-
ject Pest-OE/SADG/LA0010/2013), and IST, for
having made such commitments possible.

Scienceis also made through collaborations. | would
like to thank all our partners who have contributed
to our projects, or those who lead projects to which
IPEN contributes with results.

A few words of acknowledgement to Prof. Carlos
Varandas are mandatory. He was the president of
IPFN until May 2012 and remained as the Head of
the Research Unit for the Contract of Association
Euratom-IST. His vision, support and advice were
and continue to be a key for the success of IPFN.

Last but not least, on behalf of the IPEN Admin-
istrative Board | would like to thank our staff for
the work performed and the excellent results
achieved throughout the years of 2012 and
2013. | am absolutely confident that, together,
we will successfully face the challenges that Ho-
rizon2020 brings and continue in the path of ex-
cellence!

o

Bruno Soares Goncalves
President of IPFN
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ABOUT
IPFN

Instituto de Plasmas e Fusdo Nuclear (IPFN, In-
stitute for Plasmas and Nuclear Fusion) is a re-
search unit of Instituto Superior Técnico (IST) with
the status of Associated Laboratory granted by
Fundacao para a Ciéncia e a Tecnologia. IPFN s also
the research unit of the Contract of Association
Euratom/IST, which frames the Portuguese par-
ticipation in the Euratom Fusion Programme.

The main aim of this Programmes the develop-
ment of a commercial reactor based on nuclear fu-
sionreactions. The roadmap towards a fusion reac-
tor is focused on three devices: JET, its successor
ITER and a demonstration reactor called DEMO.
While JET represents a pure scientific experiment,
the reactor scale experiment ITER is designed to
deliver ten times the power it consumes. The next
foreseen device, DEMO, is expected to be the first
fusion plant to reliably provide electricity to the
grid.

The Research Line on Intense Lasers and Plasma
Technologies takes advantage of the critical mass
of the groups within it to address frontier ques-
tions in gas electronics, sources of particles and
radiating species, ultra-short, ultra-intense lasers
and their applications, plasma accelerators and ad-
vanced radiation sources, ultra cold plasmas, and
fundamental science in space.
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Nuclear Fusion

Groups - Theory &
Modelling
Other Fusion
Devices
ASDEX-up, W7-X, ITER
TI-II, TCV, MAST,
TCA-Br
Funda-
mental Phys-
icsin
Space
Research Quantum
Infrastructures Plasmas

Computational
Facilities

Intense Lasers

€ Thematic areas = & Plasma
Technologies

. : Control &
Experimental Microwave Data
Physics Diagnostics -
Acquisition
Research
DEMO ISTTOK (_Infrastructures
Gas Lasers & « Groups
Discharges Plasmas
Laboratory for European laser Environmental
) Shock test tube
Intense Lasers laboratories plasmas

IPFN HAD A TOTAL
OF 159 PEOPLE AT
THE END OF 2013.

NA

STAFF WITH A
PHD DEGREE
INCREASED FROM
81IN2012TO93IN
2013.

NUMBER OF
PUBLISHED
PAPERS:

119 (1.47/PHD)

IN 2012, 154
(1.66/PHD) IN 2013
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KEY
INDICATORS

STAFF/ GROUPS

(17) Theory and Modeling
(39) Experimental Physics

M (39) Engineering and Systems
Integration

B (19) Materials Processing and
Characterization

B (31) Lasersand Plasmas

B (25) GasDischarges and
Gaseous Electronics
(5) Space Physics

FUNDING PER SOURCE

Association
Euratom/IST
FCT - Strategic

FCT - Other

European
Commission

EFDA-JET
EFDA-Others
CCFE-JOC
ITER

Mobility

ESA

1200 1400 1600

Funding (Thousands of euros)
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NUCLEAR
FUSION

Fusionis the process at the core of stars, such as
our sun, that produces amazing quantities of en-

ergy.

It occurs when light atoms such as hydrogen be-
come so hot that they fuse into new elements, re-
leasing large amounts of energy.

The most efficient fusion reaction reproducible in
the laboratory is that between two hydrogen (H)
isotopes, deuterium (D) and tritium (T), which pro-
duces the highest energy gain at the ‘lowest’ tem-
peratures,

Fusion ingredients are abundant on earth, and no
greenhouse gases or long-lived nuclear waste are
created by fusion.

One way to achieve a controlled fusion reaction is
inside a device called a tokamak, where magnetic
fields are used to contain and control the hot plas-
ma.

Once harnessed, fusion power will be a nearly un-
limited, safe and climate friendly energy source.

The fusion programme of the european atomic en-
ergy community (euratom) aims at the develop-
ment of models, design, operation and scientific
exploitation of experimental facilities which may
allow the construction of fusion power plants ca-
pable of producing electric energy.

PLASMA
TECHNOLOGIES
AND LASERS

The plasma state is commonly called "“the fourth
state of matter". It is generated when energy is
provided to a solid, liquid or gas such that a fraction
of its atoms are ionised.

The plasma state is the most abundant state of
visible matter in the universe, comprising the stars
and the interstellar space. On Earth, we are used to
natural plasmas, in the form of lightning and flames;
and artificial plasmas such as plasma TV displays
and fluorescent lamps.

Plasmas come in an amazing variety of param-
eters, making plasma science a fascinating subject,
both at the fundamental and application levels.

Plasma-based technologies are used today ina va-
riety of fields spanning from microelectronics and
materials processing to waste treatment and envi-
ronmental control, biotechnology and health care.

Laser-produced plasmas are test beds for extreme
regimes of nature, where electrons can oscillate at
relativistic velocities — and, for instance, become
accelerated to GeV energies in a few millimeters,
thanks to the overwhelming electric fields associ-
ated to electron plasma waves.

Research at IPFN in plasma technologies and in-
tense lasers is dedicated to investigating a multi-
tudeof topicsinthese areas, encompassing theory,
simulation and experimental research, in a strongly
international environment, and in the frame of sev-
eral important collaborations with world-leading
institutions.

THE MOST EFFICIENT FUSION REACTION REPRODUCIBLE IN THE
LABORATORY IS THAT BETWEEN TWO HYDROGEN ISOTOPES: ,’
DEUTERIUM AND TRITIUM

Head: Bruno Goncalves

www.ipfn.ist.utl.pt/engineering
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ITER remote handling activities

IPFN lead two F4E grants in consortium, together
with CIEMAT/ASTRIUM and ASTRIUM, for feasibil-
ity and logistic studies for the nominal operations
of the Cask Transfer System (CTS) in the ITER
buildings (Tokamak and Hot Cell). Results were
crucial to proceed with the construction of ITER
Tokamak building. Application software was de-
veloped and tested for optimization and path fol-
lowing of the CTS trajectories inside the buildings.
These remote handling tasks were an opportunity
for more than 15 of publications and collaborations
with several European groups. IP protection for
the engine implementing the steering and motion
capabilities of a single wheel is currently under
evaluation.

W7X integrators tests at Greifswald

Participation in the European Fusion Pro-
gramme

Development programme in microwave diagnos-
ticsin view of ITER and DEMO

Ultrafast swept generators for JET profile re-
flectometers and correlation reflectometer
High speed frequency synthesizer for hop-
ping systems and hybrid reflectometers for
TJ-Iland COMPASS

Novel front-end for FM-CW reflectometry
diagnostic at AUG compatible with ECRH ra-
diation allowing plasma position measure-
ments

Automatic procedure to validate position for
the feedback controller in ELMy regimes
Assessment studies on the use of MW diag-
nostics for DEMO and W7X

Enhancement of JET correlation reflectomter
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THEORY
AND MODELLING

Head: Nuno F. Loureiro

The Group of Theory and Modelling focuses on theoretical and numerical studies of magnetic confine-
ment fusion plasmas, in support of the European fusion programme. The main areas of expertise are
turbulent transport of particles and energy, fast particle physics, MHD activity, tokamak equilibrium, in-
terpretation of diagnostic data, particularly reflectometry, and edge physics. The group’s healthy mix of
analytical theory, numerical modelling and direct interpretation of experimental data provides a symbi-
otic, diverse and productive research environment. In addition to fusion-specific research, GTM carries
out research activities in fundamental plasma theory, with applications not only to fusion but also to

space and astrophysical plasmas.

Momentum transport studies

Detailed analysis of intrinsic rotation data obtained
from JET experiments (with the Carbon wall) sug-
gests that the intrinsic rotation on ITER will be
much lower than what was previously predicted by
the multi-machine rotation scaling (i.e., Rice's scal-

ing).

The role of plasma collisionality in regulating so-
called intrinsic rotation in tokamak plasmas has
been identified, including the confirmation of a re-
versal in the rotation direction, in agreement with
existing experimental observations.

Physics of Energetic Particles

The transport of energetic ions generated by nu-
clear reactions or by auxiliary heating away from

www.ipfn.ist.utl.pt/gtm

Equilibrium studies

A new method was devised to investigate the sta-
bility of tokamak equilibria with non-nested ax-
isymmetricisland systems, which occur in the con-
text of AC tokamak operation.

It was found that, in general, it is not possible to
decrease the toroidal current density that flows
in the magnetic axis of an axisymmetric equilib-
rium towards zero and, simultaneously, keep all its
magnetic surfaces nested. This result is important
when modeling some extreme reversed-shear
tokamak scenarios (current holes).

Magnetic Reconnection

A novel hybrid fluid-kinetic massively parallel
computer code (Viriato) allowed the first demon-
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model explaining the transport of energeticions all
the way from the plasma core to the plasma edge
through the precessional drift resonances of dif-
ferent types of Alfvénic modes (TAE and tornado
modes) has been proposed.
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reconnection. Further work on the topic of mag-
netic reconnection proved analytically that recon-
nection sites (i.e., current sheets) are unstable to
both the plasmoid and the Kelvin-Helmholtz in-
stability.
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EXPERIMENTAL
PHYSICS

Head: Horacio Fernandes, Carlos Silva (deputy)

The Group of Experimental Physics (GExP) is focused on the scientific exploitation and operation of
magnetic confinement fusion devices across Europe. The activity of the Group is aligned with the Eu-
ropean fusion programme being launched for H2020. Current activities include also the commissioning,
operation and scientific exploitation of the Portuguese magnetic confinement fusion device — the IST-
TOK tokamak. Our ultimate goal is to contribute to the development of a physics-based understanding
of plasma confinement and transport in magnetic fusion devices. The GExP leads IPFN's participation in
several educational European initiatives such as the Erasmus Mundus Fusion-DC programme and Fuse-

net, the European Nuclear Fusion education network.

Disruption mitigation techniques were developed
for the JET ITER-like-wall, with modest plasma
current quenches and small runaway electron
generation rates found. Scrape-off layer proper-
ties of ITER-like limiter start-up plasmas in JET
were characterized with profiles found to be sub-
stantially broader for inner wall limited plasmas,
supporting the existence of a poloidally localized
region of enhanced radial transport near the out-
board midplane.

Geodesic Acoustic Modes, critical agents in the
turbulence self-regulation, have been identi-
fied for the first time on JET. Their properties and
structure have been investigated and experi-
mental evidence was presented suggesting an
interaction between GAMs and the ambient tur-
bulence.

We have contributed to the effort of understand-
ing and improving the energy confinement, con-
trol of W accumulation in the core and robustness
of the scenarios against disruptions to assess the
compatibility of high performance operation with
ILW.

ISTTOK

Routine multi-cycle alternating discharges was
achievedfor the first timein a tokamak. Therecent
control through MARTe and the improvements on
power supplies allowed the achievement of 1sec-
ond discharges, enabling ISTTOK to be a material
test facility. The AC operation brings ISTTOK to a
forefront plasma facility were retention and heavy
elements plasma compatibility can be tested and
evaluated.

We have demonstrated the capability to use
heavy ion beam diagnostics (HIB) to measure and
study plasma fluctuations. Usually fluctuations
measurements are limited to scrape-off layers
with more conventional diagnostics, but the HIB
allow a deep view inside the full plasma volume.
We also demonstrated that the amplitude of the
floating potential fluctuations measured by Lang-
muir probes is larger than that measured by ball-
pen probes, confirming the importance of tem-
perature fluctuations.

The amplitude of the large-scale fluctuations was
observed to be significantly larger in deuterium
plasmas in agreement with previous observa-
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MATERIALS PROCESSING
AND CHARACTERIZATION

Head: Eduardo Alves

The Group of Materials Processing and Characterization operates the lon Beam Laboratory of the Accel-
erator and Radiation Technologies Unit of IST. The laboratory hosts two electrostatic accelerators, anion
implanter, an ion microprobe and micro-AMS system. A large number of experimental ion based tech-
niques are installed and intensively used for characterization and processing of materials. The major in-
terest of the Group is to use ion beam analysis to unveil the fundamental processes behind plasma mate-
rialinteractions and process and develop new materials with engineered properties. Other work includes
the application of irradiation techniques to tailor the properties of materials to develop new electronic
devices able to stand harsh environments, e.g. space or nuclear fields, and the understanding of defect
production and interaction for the development of materials for fusion applications.

Study of plasma interaction with the main wall and
divertor in JET

JET remains as the principal machine to study
transportin the plasma and interaction of the plas-
ma with the main wall and divertor in conditions
close to ITER. Tiles and components from the new
JET ITER-like wall were now available and the first
post-mortem analyses started. Erosion/deposi-
tion studies were performed to assess the extent
of deposition and the associated D retention over
surfaces interacting with the plasma and to give an
overall pattern of the deposition. Several of the tiles
from the 2071-2012 experimental campaign were
analysed under this task activity using ion beam
techniques and are indicated in the figure below
(red).

Theresults show that the mid-plane inner limiter is
found to be a net erosion zone as a result of inter-
action with limiter plasmas. The erosion rate of Be
from this region, 2.3x1019 atoms.s-1, is higher than
for JET-Carbon, 1.4x1019 atoms.s-1. To fully under-
stand these results further investigation into the
factors that influence erosion rates, such as varia-
tion in incident flux, temperature, power, and con-
tact point of the plasma, is required. Overall depo-
sition in the divertor during the divertor plasma is

Scheme of JET chamber showing the tiles studied (top) and the
results obtained for arotating collector (below).
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LASERS
AND PLASMAS

Head: Luis O. Silva

TThe Group for Lasers and Plasmas was established in 1994 and is focused on research in Plasma Phys-
ics, Advanced Photonics and Advanced Computing towards generating, understanding and taming the
behaviour of plasmas under extreme conditons. GoLP's research program weaves together their two
strongest suits — theory/simulation and experiments/technology — with the goal of further increasing
the impact of our activities and reaching higher levels of excellence by exploring this uniqueness. The
Group is currently leveraging on its experimental expertise to tackle new science on world leading laser
facilities demanding outstanding simulation resources, while developing simulation models grounded on
novel theoretical approaches to design future experiments led by its PI's, from LCLS in Stanford to CERN

in Geneva.

golp.ist.utl.pt

Plasma theory and simulation

The role of the ion dynamics in particle accelera-
tion and wake excitation in self-modulated plasma
wakefield accelerators was demonstrated. Opti-
mal regimes for monoenergetic ion acceleration in
electrostatic shocks driven by lasers were identi-
fied, and experimentally confirmed.

100000
Number of Cores

Parallel scalability of Osiris on the Sequoia system at Lawrence
Livermore, from 4096 to 1572864 cores (full system).

Laboratory regimes where laser-driven Weibel
mediated shocks can be launched were deter-
mined. A multidimensional theory of the collision-
less instabilities in sheared flows was developed,
and the role of kinetic effects and multi-species
in the properties of relativistic unmagnetized and
magnetized collisionless shocks was identified.

A novel mechanism to generate at the electron
scale B-fields in flows with a velocity sheared and

Multiwavelength reconstructed image of a 2x2 pm?2 target.
The wavelengths are separated giving a spectrally and spatially
resolved sub micron resolved image.
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GAS DISCHARGES
AND GASEOUS ELECTRONICS

Head: Luis Lemos Alves

The mission of the Gas Discharges and Gaseous Electronics Group is to develop experimental, theoretical
and model-based predictive capabilities, crucial to integrate the intellectual diversity and the speeding
advances in low-temperature plasma science and engineering that answer fundamental science issues
and provide societal benefits. GEDG explores its potential under two main activities: the Plasma Engi-
neering Laboratory (PEL) and Plasma Modelling and Simulation (PMS). The new ESA experiment Euro-
pean Shock-Tube for High Enthalpy Research (ESTHER), to study highly-excited plasmas (as produced
in re-entry phenomena), will provide an excellent basis for further developing GEDG scientific heritagein
the field of non-equilibrium molecular plasma kinetics and radiation.

Successful development of new plasma technologies

An innovative microwave plasma-based single-step method was developed to synthesize graphene
sheets from vaporized ethanol molecules at atmospheric pressure. The structural quality of graphene is
controlled via externally forced heating in the nucleation zone of the plasma reactor.

3,Ia’y'er§‘ '

A microwave "tornado"—type plasma at atmospheric pressure was used to decompose alcohol mol-
ecules, viz, methanol, ethanol and propanol, into hydrogen-rich gas stream. The hydrogen yield has an
average value of about 98% and it increases using vortex gas flow instead of laminar flow.

18

An air-water microwave plasma source, operating
at atmospheric pressure, was applied to the pre-
treatment of sugarcane biomass. Samples of dry
and wet biomass have been exposed to the late

EESSS——  10pm  MicroLab
15.0KkV SEI SEM

Breakthroughs on plasma photonics

Ignition and study of microwave-driven plasmas
in hollow-core photonic crystal fibres with 100
Jm core diameter, causing no damage to the host
structure, was successfully achieved. The impres-
sive confinement and interaction of plasma and
UV-light at micrometre scale opens a new route
for highly-integrated photonic applications.

Extreme VUV emission was obtained using low-
pressure Ar-H, microwave plasmas. The spectra
feature intense lines in the 100 nm region, which
are strongly affected by changes in the hydrogen
content of the mixture.

afterglow plasma stream. The highly-reactive
plasma environment provides a number of long-
life active species that destroy the cellulose fibres
wrapping, facilitating biomass reconversion.
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SPACE PHYSICS

Head: Orfeu Bertolami

The Group of Fundamental Physics in Space is devoted to the study of new ideas to understand and in-
terpret the Universe. These include the study of new extensions of quantum mechanics and their impact
on laboratory experiments and extreme situations such as black holes. Other topics include extensions
to General Relativity, the modelling of the anomalous acceleration of the Cassini spacecraft and flyby
anomalies, and the design of new space missions to better understand the law of gravity.

Simplified geometric model of the Cassini deep-space probe.
This model will be used for the thermal analysis of this space-
craft which aims to determine the acceleration generated by
anisotropic thermal emissions. The analysis uses the same
point-like source method already successfully applied to the
study of the Pioneer Anomaly.

20

Method to compute on-board thermal effects of
spacecraft

Further development of our pioneering finite point
source method, which previously showed that the
reported values of the so-called Pioneer anomaly
are closely accounted for once the reflections are
properly accounted through the use of a Phong
shading algorithm. This included its application to
other spacecraft and outstanding problems, such
as modeling of the Cassini probe and the Flyby
anomaly, a reported anomalous change of mo-
mentum imparted upon several spacecraft when
performing gravitational passages close to the
Earth.

Use of Global Navigation Satellite Systems to test
extensions and modifications of General Relativ-

ity

We showed that GNSS-based tracking can be
used to experimentally validate the Flyby anom-
aly. This was followed by an applied case, showing
that the general strategy outlined for this meas-
urement can be implemented in the STE-QUEST
mission proposal for ESA.
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QUANTUM PLASMAS

Head: J. Tito Mendonca

The purpose of the Laboratory for Quantum Plasmas of IPFN is to explore the area of ultra-cold plas-
ma physics, including collective effects of the laser-cooled gas, as well as the study of Rydberg atomic
states and quantum plasmas. Our main aim is to understand the main physical processes associated with
plasma creation, the quasi-equilibrium density and temperature profiles, and the elementary and global
oscillation modes of the plasma cloud. Additionally, we propose to explore the analogies between the
three different phases of ultra-cold matter: neutral gas, Rydberg plasmas, and Bose Einstein conden-

The magneto-optical trap (MOT) experiment was
completed and became operational very recently.
This laser cooling apparatus creates a gas of 1011
Rubidium atoms, at a temperature of 100 micro-
Kelvin.

Equilibrium profiles and modes of oscillation of
the ultra-cold gas were studied, which are very
similar to those of stellar objects. The astrophysi-
cal analogy was explored further, by showing that

Detail of the completed vacuum cell and magnetic confining
coils.

Saturn-like rings can be excited in the ultra-cold
cloud. Our MOT experiment could be used for
studies of laboratory astrophysics.

A new model of joint neutrino flavor and plasma
oscillations was introduced, in terms of the dy-
namics of the neutrino flavor polarization vector
in a plasma background. This could contribute to
the understanding of neutrino beam instabilities
and collective neutrino plasma interactions.

Overall view of the experiment.
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RESEARCH FACILITIES

ISTTOK Tokamak

The ISTTOK tokamak is the only Portuguese fusion device in operation since 1990. Most of the tokamak's
components as well as its diagnostics and control and data acquisition system, were designed and built
locally. At ISTTOK several physics studies are being conducted from material science with liquid metals
to edge turbulence. Its main goals besides the education and training in nuclear fusion are focused on the
cutting edge of engineering and technology enforced by the development of new diagnostic techniques,
control and data acquisition concepts and modeling physics.

Alameda campus http://www.ipfn.ist.utl.pt/isttok/

L2l - Laboratory for Intense Lasers

L2lis aleading laser research facility, dedicated to the study of laser-matter interaction at very high opti-
cal powers. It is located at the main IST campus and operated by IPFN researchers. It hosts several high
power lasers, including a 15 TW CPA-type laser system based on Ti:sapphire / Nd:glass, the most power-
fulin Portugal. The target areais equipped with optical, IR, VUV, X-ray, and particle diagnostics. The main
research areas are plasma sources, plasma channels, high harmonic generation, diode-pumped lasers and
optical parametric amplification. L2l is a fundamental stepping-stone in the preparation of high-intensity
experiments at large-scale facilities, while also playing animportant role in the advanced training of young
researchers and technological development.

Alameda campus http://xgolp.ist.utl.pt

PEL - Plasma Engineering Laboratory

PEL hosts several microwave plasma sources and diagnostic equipment for visible emission and absorp-
tion spectroscopy (atomic and molecular), UV and XUV spectroscopy, Fourier-Transform infrared spec-
troscopy, laser diagnostics (TALIF photo-detachment), mass spectrometry, and electrical diagnostics.
Current research at PEL focuses on plasma-based production of nanoscale materials (graphene, carbon
nanotubes), plasma technologies for renewable energy sources (production of hydrogen from alcohols)
and environmental improvements (NOx, CFCs, VOCs and fly ash decomposition, bacteria inactivation),
and plasma sources for biomedical applications (wound healing, blood coagulation, treatment of living tis-
sues, destruction of cancer cells, sterilisation).

The experimental work is paralleled by modelling studies of plasma kinetics and wave-plasma coupling,
for preparation and interpretation of measurements.

Alameda campus

http://esther.ist.utlpt
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OUTREACH, COMMUNICATION
& COMMUNITY

IPFN is strongly committed to taking an active role  Both through the Image and Public Communication
in the communication of science and the dissemi-  team and through individual efforts from IPFN re-
nation of its scientific and technological achieve-  searchers, the scope of initiatives is very lively and
ments to the society. Our outreach activities are  diversified. In developing these activities, IPFEN col-
targeted at a broad range of audiences: from un-  laborates with its international Association part-
dergraduate students to secondary school stu- ners through the EFDA Public Information Group,
dents and teachers, from industry representatives — and at a national level with the Council of Associ-
to the media. ated Laboratories and the "Ciéncia Viva' agency.
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Bruno Goncalves and Goncalo Figueira are interviewed for a
local newspaper after presenting talks on lasers and nuclear
fusion.

Bruno Goncalves presenting a talk on nuclear fusion to sec-
ondary school students at Batalha, central Portugal.

HIGHLIGHTS

IPFN's 5-days summer worskshops for second-
ary school teachers have become highly suc-
cessful, now featuring two themes: Lasers (in
July) and Nuclear Fusion (in September), including
visits to the Rutherford Appleton Laboratory and
JET respectively.

There was a large number of visits from high
school students to IPEN facilities, namely the IST-
TOK laboratory (400 studentsin 2012-13) and the
Laboratory for Intense Lasers.

A large number of invited talks by several IPFN
researchers at secondary schools and public
events, namely during the National Science Week.

Talks to visiting schools during the Physics Week
at IST on nuclear fusion, lasers, and plasma tech-
nologies.

Starting of anew quarterly newsletter — IPFNews
— featuring highlights from activities during the
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Summer Workshop on Lasers: Secondary school teachers
visiting the Laboratory for Intense Lasers.
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previous period, and announcements of events to
come,

Six press-releases about IPFN research results
and events, including the signature of an 8.5 mil-
lion contract with F4E (2013).

VIP visits included: Secretary of State for Science,
President of the Portuguese Science Foundation
(FCT), President of F4E.

The online presence has been extended beyond
the web page, Facebook and Flicker pages to in-
clude new pages on YouTube and LinkediIn.

In July 2013 IPEN organized the first edition of
PlasmaSurf, an international summer school on
plasma physics aimed at graduate students who
have just finished their degree. PlasmaSurf took
place in Oeiras, close to Lisbon, and attracted 23
students from many different nationalities.

— Y
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Summer Workshop on Nuclear Fusion: a group of teachers
during the visit to JET.
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EDUCATION
& TRAINING

APPLAuUSE

2013 witnessed the start of IPFN's new doctoral
program: APPLAUSE, the Advanced Program in
Plasma Science and Engineering.

APPLAUSE is a student-centered and highly
modular doctoral program designed to enhance
each student’s capabilities and maximize his/her
potential. The hosting institution is IPFN, and the
degree is awarded by the University of Lisbon,
Portugal. The Portuguese Foundation for Science
and Technology is the funding institution, sup-
porting up to ten scholarships per year. The pro-
gram director is Prof. Carlos Matos Ferreira.

Each PhD program has a duration of four years.
Successful applicants are awarded a fellowship for
this period and have the opportunity to enrollin an
exciting and international research environment.

The first call for applications took place between
August and September 2013. A total of 41 candi-
dates applied, from 18 different continents, from
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Welcome to Lisbon! The first group of APPLAUSE students
together with the members of the doctoral program board.

which the top ten were selected. The classes
started in March 2074,

PlasmaSurf

This was also the year when our first Summer
School in Plasma Physics — PlasmaSurf — took
place. Its name draws inspiration from the venue:
Oeiras, a tranquil seaside village ten kilometres
away from Lisbon, famous for its surfing spots.

The program covered the basic aspects of plas-
ma physics, high power lasers and nuclear fu-
sion. The recruitment of students was very suc-
cessful with the help of the Fusenet web site,
with more than 65% of participants coming from
abroad.

But Plasmasurf was more than plasma sci-
ence. Students were offered a vast social pro-
gram, including sightseeing, practicing canoeing,
climbing and mountainboarding. Finally, invited
speaker Prof. Pedro Bicudo gave a talk on how
the oceans generate waves for surfing.

Participants in PlasmaSurf — 2013 Summer School in Plasma
Physics relaxing after the lectures.
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