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1. INTRODUCTION
C. Varandas, F. Serra, L.O. Silva, B. Gonçalves (Editors)

1.1. FOREWORD
This document presents the main activities carried out in
2006 in the frame of the Contract of Association (CoA)
signed in 1990 between the European Atomic Energy
Community (EURATOM) and “Instituto Superior Técnico”
(IST),
hereinafter
referred
to
as
Association
EURATOM/IST, and of the Contract of Associated
Laboratory on Plasma Physics and Engineering signed in
2001 by “Fundação para a Ciência e a Tecnologia” (FCT)
and IST, hereinafter referred to as Associated Laboratory
(AL). The CoA activities are described in chapters 2 to 12,
while the AL activities are presented in chapters 2 to 10 and
12 to 18. Chapter 19 contains the list of publications,
laboratorial prototypes, prizes and awards.
The activities described in this document were mainly
performed by “Centro de Fusão Nuclear” (CFN) and
“Centro de Física de Plasmas” (CFP), two Research Units
of IST (Figure 1.1). The other collaborating Institutions are
presented in Figure 1.1 and Table 1.1.

Contract of Association EURATOM/IST, which frames
the Portuguese participation in the EURATOM Specific
Research and Training Programme in the Field of Nuclear
Fusion Energy, hereinafter referred as Community Fusion
Programme. This Programme has as its long-term
objective the development of a prototype commercial
fusion power plant. It is presently implemented through
several Agreements, in particular: (i) Contracts of
Association signed between EURATOM and Institutions
of the Member States of the European Union and
Switzerland (Associates); (ii) the European Fusion
Development Agreement (EFDA); and (iii) the Mobility
Agreement, both signed by EURATOM and its
Associates.
The most important world-wide fusion-related event in
2006 was certainly the signature, on 24 November 2006,
in Paris, of the ITER International Agreement between
representatives of EURATOM and of the governments of
Japan, Russian Federation, United States of America,
China, South Korea and India (Figure 1.2). ITER is the
first fusion experimental reactor, designed with two main
objectives: (i) to prove the scientific and technical
feasibility of fusion energy by producing 500 MW of

1.2. FUSION-RELATED ACTIVITIES
1.2.1. Introduction
The research and development activities on controlled
nuclear fusion have been carried out according to the

Figure 1.1 – Organization of the Associated Laboratory and Association EURATOM/IST
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The first area includes the activities carried out by CFN
and CFP staff in the frame of the projects of the
Association EURATOM/IST, while the area on
“Technologies of Plasmas and High Power Lasers” had
in 2006 the following projects:
• Plasma theory and simulations, and fundamental
physics;
• Experimental
laser-plasma
interactions
and
photonics;
• Environmental engineering plasma laboratories;
• Nonequilibrium kinetics and simulation of
discharges, afterglow plasmas and high-speed
planetary entries;
• Modelling of plasma reactors;
• Other activities in plasma physics.

Figure 1.2 – Signatories of the ITER agreement

fusion power, during 300 seconds, with an amplification
gain of at least 10; and (ii) to test the simultaneous
operation of the key technologies and processes needed
for future fusion power plants, including superconducting
magnets, components able to withstand high heat loads,
breeding blanket and remote handling1.

1.4. OTHER PROJECTS
CFN and CFP have also developed in 2006 activities in
the frame of the following projects3
o Re-Equipment of the ISTTOK Laboratory (FCT, C.
Varandas, 2005-2007);
o Re-Equipment of the CFN Microwave Laboratory
(FCT, M.E. Manso, 2005-2007)
o Cosmic Concordance (FCT, O. Bertolami, 20052007);
o A Mission to Test the Pioneer Anomaly (FCT, O.
Bertolami, 2006-2009);
o Estudos Teóricos de Ignição Rápida em Fusão
Inercial (FCT, J. R. Davies, 2005 – 2007);
o Acção Integrada Luso-Britânica, (Conselho de
Reitores das Universidades Portuguesas, J. R. Davies,
2005 – 2006);
o Relativistic Harmonic Generation in Underdense
Plasmas (FCT, João Mendanha Dias, 2004-2007)
o New Sub-cycle Rediation Sources in the Visible by
Relativistic Mirror (FCT, João Mendanha Dias, 20052007);
o Tabletop
Ultra-Intense
XUV
Sources
for
Femtobiology and Related Applications (TUIXS),
(European Commission, M. Fajardo, 2005-2008);
o Laser-Plasma Electron Accelerators in Plasma
Channels: Experimental Study of Electron Bunch
Self-injection and Acceleration in the GeV Range,
(FCT, N. Lopes, 2005-2006);
o Advanced Plasma Accelerators: Beam Optimization,
Diagnostics and Applications, (FCT, N. Lopes, 20062007);
o High Energy Proton and Electron Beams from Ultra
Intense Laser-Plasma Interactions IV:1 GeV
Electrons in 1 cm (FCT, L. Silva, 2005-2006);

1.2.2.
Main
projects
of
the
Association
EURATOM/IST
The
work
programme
of
the
Association
EURATOM/IST included activities carried out in
Portugal (mainly related with the tokamak ISTTOK) and
abroad related with the operation and scientific
exploitation of large and medium-sized tokamaks and
stellarator (JET, ASDEX-Upgrade, TCV, and TJ-II) as
well as with the design of the next generation fusion
devices (ITER and W7-X). Its main projects in 2006
were:
 Tokamak ISTTOK;
 Participation in the collective use of the JET facilities
by the EFDA Associates;
 Participation in the ITER Project;
 Participation in the ASDEX-UPGRADE Programme;
 Participation in the TJ-II Programme;
 Participation in the TCV Programme;
 Collaboration with the Association EURATOM/CEA
 Other activities on theory and modelling;
 Keep-in-touch activities on inertial fusion energy;
 Participation in the Fusion Technology Programme;
 Other fusion-related activities2.
Table 1.1 presents information about the responsible
person(s) and the Institutions involved in each project.
1.3. ASSOCIATED LABORATORY
The Associated Laboratory on Plasma Physics and
Engineering has two thematic areas:
o Controlled Nuclear Fusion;
o Technologies of Plasmas and High-Power Lasers

1
2
3

The Association EURATOM/IST was represented in the ceremony for the ITER Agreement
signature by Carlos Varandas Head of its Research Unit.
o
Including the collaborations with the Association EURATOM/IPP.CR as well as with Brazilian Fusion Institutions
o
The funding institutions, the main investigator and the duration is indicated between brackets.
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Project

Responsible Person(s)

Tokamak ISTTOK

Carlos Varandas

Participation in the collective use of the
JET Facilities by the EFDA Associates
Participation in the ASDEX Upgrade
programme
Participation in the ITER Project

Fernando Serra

Participation in the TJ-II programme
Participation in the TCV programme
Collaboration with the Association
EURATOM/CEA
Other studies on theory and modelling
Keep-in-touch activities on inertial fusion
energy
Participation in the Fusion Technology
Programme
Other fusion related activities

Maria Emília Manso
Fernando Serra
Carlos Varandas
Maria Emília Manso
Carlos Varandas
Maria Emília Manso
Carlos Varandas
J. Pedro Bizarro

Collaborating Institutions
Portuguese
Other
CFN4 UBI5 CIEMAT8, IPP-Kharkov9,
CEI6, CFA7 UI10, IFUR11, IFUSP12
CFN, CEI,
EFDA13 CSU14 Culham
UBI
UKAEA15
CFN
IPP-Garching16
CFN
CFN, CEI

EFDA CSU Garching
CIEMAT

CFN
CFN

CRPP17

CFN

IFP18, PT19, DFRC20

Fernando Serra
J. Pedro Bizarro
J.T. Mendonça

CFP21

E. Alves

ITN22

Table 1.1 – Responsible person(s) and collaborating Institutions in the 2005 projects of the Association EURATOM/IST

o Dos Choques Relativistas aos Lasers Ultra Intensos:
Ciência das Elevadas Densidades de Energia, (FCT,
L. Silva, 2005-2007);
o Testing of Plasma Simulation Codes for SpacecraftPlasma Interactions (European Space Agency, L.
Silva, 2004-2006);
o European Laser Electron Controlled Acceleration in
Plasmas to GeV Energy Range (European
Commission L. Silva, 2006-2009);
o HiPP Computing, (FCT, L. Silva, 2005-2006);

o Laboratório de Engenharia de Plasmas para
Aplicações Ecológicas (FCT, C.M. Ferreira, 20052007);
o Plasmas HF de Grandes Dimensões para Aplicações
Ambientais” (FCT, C. M. Ferreira, 2006-2007);
o Electron Kinetics in Gas Mixtures Used for
Analytical Glow Discharge Optical Emission
Spectroscopy (GRICES/OTKA, M. J. Pinheiro, 20062007);

4

CFN means “Centro de Fusão Nuclear”
UBI means “Universidade da Beira Interior”
CEI means “Centro de Electrónica e Instrumentação da Faculdade de Ciências e Tecnologia da Universidade de Coimbra”
7
CFA means “Centro de Física Atómica da Universidade de Lisboa”
8
CIEMAT means “Centro de Investigaciones Energeticas Medioambientales y Tecnologicas”
9
IPP- Kharkov means “Institute of Plasma Physics of the National Science Center” “Kharkov Institute of Physics & Technology”.
10
UI means “University of Innsbruck”.
11
IFUR means “Institute of Physics of the University of Riga”
12
IFUSP means “Instituto de Física da Universidade de São Paulo”
13
EFDA means “European Fusion Development Agreement”
14
CSU means “Close Support Unit”
15
UKAEA means “United Kingdon Atomic Energy Authority”
16
IPP-Garching means “Max-Planck-Institut für PlasmaPhysik”
17
CRPP means “entre de Recherches en Physique des Plasmas de École Polytechnique Fédérale de Lausanne”
18
IFP means “Istituto di Física del Plasma”
19
PT means “Politécnico di Turino”
20
DFRC means “Department de Recherches sur la Fusion Controlée”.
21
CFP means “Centro de Física dos Plasmas”
22
ITN means “Instituto Tecnológico e Nuclear”
5
6

3

o Modelização Multi-Escala de um Reactor ICP para a
Gravura de Óxidos Intermetálicos a Plasma
Fluorcarbonado, (GRICES/EGIDE, L.L. Alves, 20052006);
o Mecanismos de Dissociação em Plasmas de H2, O2 e
Misturas com Ar, Utilizados na Modificação e
Depósito de Materiais, (GRICES/CSIC, L.L. Alves,
2006-2007);
o Desarrollo y Optimización de Métodos Basados en
Plasmas de Microondas para la Destrucción de
Compuesto BETX y Derivados (MEC (Spain), L.L.
Alves, 2004-2007).

4

2. TOKAMAK ISTTOK1
C.A.F. Varandas, H. Fernandes and C. Silva (Heads), A. Duarte, A. Neto, A. Soares, B.B. Carvalho, D. Valcárcel, H.
Figueiredo, I. Carvalho, I. Nedzelskij, M.P. Alonso, P. Carvalho, P. Duarte, J. Figueiredo, J. Fortunato, R. Coelho, R.
Gomes, T. Pereira, V. Plyusnin, Y. Tashchev

2.1. INTRODUCTION
This project has included, besides the normal tokamak
maintenance activities, work in the following main research
areas:
• Testing of the liquid metal limiter concept;
• Diagnostics;
• Real time control and data acquisition;
• Plasma physics studies.

Vloop (V)

and the radiation losses do not increase. Therefore,
ISTTOK can be successfully operated with a gallium jet
interacting with the plasma.
4
2
0

2.2. TESTING OF THE LIQUID METAL LIMITER
CONCEPT2
2.2.1. Introduction
The activities performed in 2006 by IST/CFN staff are
summarized below:
 Development of a damping device that successfully
avoided the formation of droplets. These droplets were
formed in the interaction of the jet with the Gallium
surface in the liquid metal collector and could reach the
plasma;
 Installation of the liquid metal loop on ISTTOK;
 Recovery of operating conditions (vacuum level,
transfer of Gallium to main tank and achievement of
suitable liquid metal temperature) for the liquid metal
loop;
 Operation of ISTTOK with liquid Gallium jet
interacting with plasmas at several radial positions;
 Analysis of ISTTOK discharges with Gallium limiter;
 Measurements of the power deposited on a 3 cm copper
wire, placed at the same position as the Gallium jet, to
estimate the energy deposited in the jet;
 Detailed measured of the Ga, Ga+ and Ga2+ line
emission radial profiles.

Ip (kA)

6

shot with Ga jet at r-a=2 cm, #12514
shot without Ga jet, #12513

18

-2

density (10 m )

6
4
2

UV rad (a. u.)

0
1,5
1,2
0,9

Vis rad (a. u.)

0,6

After the successful testing of a new damping device (to
reduce the amount of Gallium droplets reflected from the
collector) and the latest version of the Gallium injector, the
liquid metal loop (LML) experimental rig has been
dismantled and the Gallium circuit installed on ISTTOK.
Comparisons of ISTTOK discharges with and without
the plasma-liquid Gallium jet interaction have been
performed. Typical results, shown in Figure 2.1 for rjet= 65
mm, haveallowed concluding that the presence of the jet
does not change significantly the discharge performance
2

2
0

2.2.2. ISTTOK operation with a gallium limiter

1
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15
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Figure 2.1 - Main plasma parameters and radiated power for
discharges with and without gallium in the chamber.

A spectroscopy diagnostic has been used to observe
the light emission produced during Gallium-plasma
interaction. This diagnostic is based on a 0.5 m imaging
monochromator (CVI laser DK480I) equipped with a
spectroscopic CCD camera (spectral product AD205) with

Activities carried out in the frame of the Contract of Association EURATOM/IST and the Contract of Associated Laboratory.
This research line was carried out in collaboration with the Association EURATOM/University of Latvia. Contact Person: O. Lielausis.
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1024x268 pixels. The light is gathered using a multifiber
(NA=0.22) which allows the visualization of 7 plasma
volumes distributed in the radial direction. The diagnostic
allowed the identification of Gallium in ISTTOK plasmas
by looking at this element characteristic spectra both
around 417.2 nm (Figure 2.2a) and 639.7 nm. In these
spectral regions neutral Gallium and GaII and GaIII ions
were observed. The radial distribution of these species is
shown in Figure 2.2b where it is possible to observe that, as
expected, maximum neutral Gallium production is seen in a
region close to the jet position while the Gallium ions are
penetrating deeper into the plasma.

2.3. DIAGNOSTICS
The following main activities were made in 2006:
 Design of a Laser Induced Fluorescence diagnostic
for absolute measurements of Gallium density profiles.
An existing DL2100B PhaseR dye laser has been
adapted to work at the wavelength 403.2 nm. The
cavity mirrors has been replaced and the dye line
substituted
to
allow
the
operation
with
dimethylformamide (DMF) and LD423 dye;
 Test of channeltrons for the time-of-flight (TOF)
energy analyzer diagnostic. The detection capabilities
of Burle 4700 channeltron have been investigated with
a Xe+ beam with energies up to 22 keV. The
characteristics of this detector were found to be
adequate to be used in the ISTTOK TOF energy
analyzer replacing the existing detectors, which will
allow a significant improvement of the signal-to-noise
ratio;
 Design of a Zeff diagnostic for temperature and plasma
effective charge measurements based on five spectral
filters;
 Measurement of the plasma force using a pendulum
with strain gauges3. A system based on a pendulum
and a high sensitivity strain gauge has been used to
measure the ISTTOK edge plasma pressure. Two
pendulums close together were used with no (or
almost no) plasma between the heads allowing the
distinction between forces originating from the plasma
pressure and other perturbing forces, like machine
oscillations. The pendulum has been inserted at
different radial position in the plasma and the force
measured. It has been observed that the plasma force
increases as the pendulum is inserted into the plasma,
being its magnitude in good agreement with the value
estimate from the local density and temperature
measured by Langmuir probes. The time evolution of
the plasma force has been derived and a force pulse is
clearly seen at the time when plasma is present (Figure
2.3);
 Development of a bolometer tomography diagnostic,
based on 3 linear 10-pixel detectors. Prospects for the
reconstruction of the plasma emissivity profile using
over-determined analytical methods (Cormack based)
were investigated. Singular Value Decomposition
(SVD) is used to retrieve the expansion constants and
the results are compared to conventional dot product
of the radial emissivity profile with the radial
expansion basis (Zernike polynomials and FourierBessel). Figure 2.4 shows an example of the
reconstructed ISTTOK emissivity. The evolution of
the plasma position estimated from the tomography
diagnostic has been compared with that of the
magnetic diagnostics and a reasonable agreement was

a)

b)

Figure 2.2 - a) Characteristic spectrum of gallium and b)
distribution in ISTTOK plasma with the arrows indicating the
maximum emission position.

High sensitivity photodiodes combined with high gain
electronics have been used to observe the time evolution of
two spectral lines emitted from the plasma. Interference
filters with maximum transmission at 417. 2 nm (Ga
characteristic line) and 656.3 nm (Hydrogen characteristic
line) with narrow bandwidths (3 and 1.5 nm respectively)
have been used for that purpose. The observations have
been done at two different ports: one looking directly at the
jet plane and another at a toroidally symmetric position.
The analysis of data clearly shows that gallium jet only
influences locally the ISTTOK plasma as no Ga radiation
has been observed toroidally away from the jet.
3

Work made in collaboration with Humboldt Universität zu Berlin. Contact Person: T. Lunt.
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Figure 2.3 - Force measurement with a double pendulum during a plasma discharge in ISTTOK.

for coaxial cylinders. Taking into account the
effective plasma-wetted area of the electrode, this
electrode is expected to emit more than 100 A in
plasmas.

Figure 2.4 - Reconstruction of the ISTTOK plasma emissivity.

found apart from the periods when the plasma current is
less than 1 kA (during the reversal of the plasma
current in AC discharges). However, it was found that
the plasma position given by the tomography diagnostic
varies rapidly in time, being therefore less adequate for
real time control;
• Development of a large area emissive electrode4.
Experiments on TCA/Br5 proved that the tungsten
filament emissive electrode previously used could not
supply the current needed to substantially modify the
edge plasma parameters. Therefore, a large area
emissive electrode was developed consisting mainly of
a LaB6 emitter heated by a graphite filament. Figure 2.5
shows the heated electrode in a testing vessel,
surrounded by a tantalum foil cylinder in a vacuumdiode configuration. We observe that, at a heating
current above ~ 36 A, the electron emission current is
not temperature-limited (Figure 2.6). It follows the
Langmuir-Blodgett space-charge-limited current law

Figure 2.5 - Heated emissive electrode in a vacuum– diode
configuration.
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Figure 2.6 - Electrical characteristics of the emissive electrode
for several heating currents.

4

Work carried out in collaboration with “Laboratório de Plasmas” of Instituto de Física” “Universidade de São Paulo”. Contact Person: Ivan
Nascimento.
5
TCA/Br is a tokamak of the Research Unit referred to in the previous footnote.
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2.4. REAL TIME CONTROL AND DATA
ACQUISITION
The following main activities were performed in 2006:
 Continuation of the upgrade of the ISTTOK control and
data acquisition system;
 Substitution of some VME transient recorder modules
by 2 MSPS galvanic isolated PCI boards;
 Development of software for shared remote data
consulting. The first stable version of the control and
data acquisition system, named FireSignal was
completed. It has proven to be a very generic solution,
independent of databases, security protocols and
hardware controllers, providing at the same time,
solutions for modern data acquisition paradigms like
data driven events and multi-frequency signals.
FireSignal is being used to control all the different
types of hardware devices used in the ISTTOK’s
diagnostics. As a remote and shared application,
FireSignal allows users that are not physically in the
control room to follow experiments, to visualize and
download data, and to change hardware parameters.
FireSignal was also successfully used as a
commissioning tool for the hardware produced by CFN.
New hardware devices are now easily added through a
plug and play protocol. Currently, an upgrade to initial
the specifications is being studied6;
 Development of a generic Python library for creating
nodes for the FireSignal control and acquisition system.
A FireSignal plug-in for the PCI-TR-512 boards was
developed, using that library. The tomography and
magnetic probes diagnostics and plasma position control
were integrated in ISTTOK using this plug-in;

 Development of SDAS Client Libraries in C++,
MATLAB and IDL;
 Development of plasma position calculation
algorithms using the tomography information without
reconstruction to be used in the ISTTOK real time
control;
 Testing of users Authentication and Authorization
Protocols aiming at creating a Federation7;
 Implementation on ISTTOK of the horizontal and
vertical plasma position control system. This new tool
(Figure 2.7) provides a 128 µs feedback cycle. The
new vertical power supply allows controlled currents
from -240 to 240 A with a 20 µs feedback cycle, being
capable of rising from 0 to 90% of the peak current in
2 ms. The horizontal power supply is similar but the
current is limited to ±150 A. Feedback position control
tests were performed with low plasma currents (up to
3kA) showing that digital feedback is applicable to
control the plasma of a small machine (Figure 2.8).
2.5. PLASMA PHYSICS STUDIES
Studies on MHD activity and temperature fluctuations in
turbulent transport have been carried out in 2006.
2.5.1. MHD activity
The Empirical Mode Decomposition method (EMD) was
applied to the analysis of the time-frequency
characteristics of both Mirnov and turbulence data from
negative electrode biasing experiments carried out on the
ISTTOK. This rather new technique has proved
particularly suited for the typically bursty activity, both

Figure 2.7 - Schematic diagram of the ISTTOK control system.
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Figure 2.8 - ISTTOK position correction currents and discharge position. A horizontal position setpoint of 5 mm was used for feedback
and the vertical position was controlled using a fixed current to generate the horizontal equilibrium field.

MHD and turbulence, which characterizes ISTTOK pulses.
Mirnov signal evidencing the destabilisation of a m=2
resistive mode (identified by cross-correlation with a
poloidal arrays of 8 coils) have been observed and its non
stationary spectrum using the Hilbert Huang Transform
(HHT) determinate (Figure 2.9). The instantaneous
frequencies of the dominant three IMFs providing the
signal support are shown. Colouring is proportional to IMF
amplitude (violet and red at lower and higher amplitudes
respectively).
Analysis of the plasma density fluctuations via HHT
revealed an average increase in the frequency of the
turbulence spectra related to the biasing, in concurrence
with MHD activity spectra. Floating potential oscillations
were also analyzed with EMD, revealing intrinsic mode
functions with clear growing oscillations that might be
correlated with MHD activity (although with a frequency
mismatch).
2.5.2. Temperature fluctuations in turbulent transport8
Further analysis of the emissive probe data was performed
with the aim of evaluating the importance of temperature
fluctuations in the turbulent transport estimation. The
fluctuation-induced particle flux was found to be
significantly larger when measured with the emissive
probes, indicating that temperature fluctuations are
important for the particle flux determination. This larger
flux is due to an increase in the root mean square of the

Figure 2.9 – (a) Mirnov signal and (b) instantaneous
frequencies of the dominant 3 IMFs during biasing showing the
time evolution of the different components.

poloidal electric field and in the correlation between
density and poloidal electric field fluctuations when hot
probes are used (Figure 2.10). The importance of the
temperature fluctuations increase when moving from the
scrape-off layer to the core periphery region and are
significantly reduced during electrode biasing.

8

Work performed in collaboration with the Association EURATOM/ÖAW (University of Innsbruck). Contact Person: Roman Schrittwieser.
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3. PARTICIPATION IN THE USE OF THE JET FACILITIES BY THE EFDA ASSOCIATES1
F. Serra (Head), A. Figueiredo, A. Fonseca, A. Vannucci, B. Gonçalves2, C. Silva, C. Varandas, D. Alves, D. Borba3, F.
Nabais, F. Salzedas, I. Nedzelski, I. Nunes, J. Sousa, L. Cupido, L. Fattorini, L. Meneses, N. Cruz, M.E. Manso, M.F. Nave,
P. Belo, P. Varela, R. Coelho, S. Cortes, S. Hacquin4, T. Ribeiro, V. Plyusnin.

3.1. INTRODUCTION
The Association EURATOM-IST has continued its
participation in the collective use of the JET facilities, in the
frame of the “European Fusion Development Agreement”
(EFDA) through the “JET Operation Contract” and the “JET
Implementing Agreement”.
The main focuses of the Portuguese activities in this
project were related with:
• Operation;
• Scientific Exploitation5;
• Performance enhancements;
• Management.

BALDUR code and the preparation prior to the
integration into JETTO involved correcting and
improving the numerical module, programming an
interface between JETTO and the Porcelli-Module and,
designing a new JAMs-JETTO input panel for sawtooth
modelling. The Porcelli-Module is now available in the
JETTO default version (Figure 3.1). In JETTO the timing
of sawtooth crashes can now be treated in two ways: (a)
user prescribed sawtooth crash times or, (b) sawtooth
crashes predicted by the ITER sawtooth trigger model.

3.2. OPERATION
Three members of the IST/CFN staff have been working in
the JET Operation Team:
• One physicist works in the “Operation Group”, acting
as Session Leader in JET restart and Campaigns and
contributing to the development of new plasma
scenarios and configurations, in particular, for operation
with the new divertor, and in the conceptual design of
the tiles for JET limiters and antennas (ICRH and
LHCD) in the framework of the JET ITER-like wall
project.
• Two physicists worked in “Electron kinetics”, being
responsible for the maintenance and data validation of
the X-mode correlation reflectometer (KG8b) and the
O-mode fluctuation reflectometer (KG3), having one of
them participated in the JET Campaigns as Diagnostic
Coordinator (DC).

Figure 3.1 - JETTO predicted sawtooth crash in a JET pulse
with 15 MW of NBI.

3.3. SCIENTIFIC EXPLOITATION
3.3.1. Integration of Transport and MHD codes
3.3.1.1. Implementation of sawtooth models into the
transport code JETTO
The implementation of sawtooth physics in the transport
code JETTO has been continued. The ITER sawtooth trigger
model, consisting on a set of subroutines, was added to
JETTO. This model, referred to as the Porcelli-Module, was
originally developed in the USA by G. Bateman for the

3.3.1.2. Testing and documenting the ELM models
implemented in JETTO
The ELM models included in JETTO transport code have
been tested for a wide range of input parameters. In
JETTO, ELMs are assumed to be triggered by either
pressure-driven ballooning modes or current driven
peeling modes. JETTO is used to evolve the plasma
current, temperatures and density profiles throughout the
plasma in the core and in the pedestal region. Two
different treatments of the ELM duration and amplitude
are available. In the Simple Model the ELM duration and

1
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Member of the EFDA Close Support Unit.
Head of Office for the EFDA Associate Leader for JET.
4
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amplitude are specified by the user. In the MHD theorymotivated ELM model the ELM duration and amplitude are
determined by solving equations for the quasi-linear
evolution of mode displacement as described in J Lonnroth
et al (PPCF 2004). Several JETTO runs were performed
scanning the input parameters used in the Simple ELM
model and the MHD Theory Based model. An illustration of
ELM behaviour simulated using the Simple ELM Model is
given in figures 3.2a –3.2c.

3.3.1.3. Modelling Edge Stability of JET Quiescent H-mode
plasmas
The suitability of the ELM models integrated into JETTO to
study the n=1 continuous mode observed in Quiescent HMode plasmas has been considered and provided a further
benchmark test for the ELM models. Here it was assumed
that the n=1 mode was a peeling mode and that the same
physics that describes ELM bursts may also describe slowly
growing modes. The edge MHD stability for the n=1 mode
observed in JET pulse 59611 was studied with the MHD
stability code MISHKA. This indicated that marginal
stability is not strongly dependent on ∇p as obtained with
the Connor et al expression coded in JETTO. An alternative
JETTO version with a modified ELM-module has been
created. In this version the critical current density for
peeling stability is taken from MISHKA stability
calculations. Figure 3.3 contains a comparison of the ELM
behaviour using Connor’s expression and MISHKA’s
expression. In both cases the MHD theory-based ELM
model was used. On the left is the simulation with Connor’s
peeling condition that depends on ∇p and J. On the right is a
simulation with the peeling condition determined from
MISHKA that depends on J only.

3.3.1.4. Determination of plasma rotation in JET discharges
with low momentum input
Studies of plasma rotation with ICRF heating were recently
performed at JET. Hollow rotation profiles with the core
either co or counter rotating had been previously observed.
In the new experiments the conditions for counter-rotation
were investigated in L-mode plasmas (PICRF=3-6 MW,
BT=2-2.75 T, Ip=1.2-2.6 MA). The effect of different plasma
currents (Ip) and ICRF heating details (antenna phasing, H
minority concentration and cyclotron resonance position)
were considered. The plasma rotation in the plasma core was
determined by three different methods: (a) MHD mode
analysis, (b) spectral analysis of the Ni+26 resonance line
from X-ray crystal spectrometry data and, (c) charge
exchange recombination spectroscopy of C+6 during NBI
blips. The observed frequency of MHD modes can provide
information on plasma rotation at different radial positions.

Figure 3.2 – a) Predicted ELM behaviour for Ballooning-type
ELMs as a function of the ELM duration (∆ELM), for an
arbitrarily fixed critical pressure. The plots shows Χi, the
product neTe and the current density j at the top of the pedestal;
b) Predicted ELM behaviour for Peeling-type ELMs as a
function of the ELM duration (∆ELM) for a critical edge current
density as in the model of Connor et al. (PoP 1998); c) ELM
frequency as a function of ELM duration using the ELM Simple
Model for ELMs triggered by Ballooning Modes and by
Peeling Modes.
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Figure 3.3 - Left: Simulation with Connor’s Peeling Condition that depends on both ∇p and J. Right: Simulation with Peeling Condition
determined from MISHKA that depends on J only. The temporal evolution of J and Jcrit is shown in the bottom boxes.

The observed frequency of sawtooth precursors was
analysed. Toroidal rotation was found to be sensitive to the
plasma current. In the high plasma current pulses (Ip >2
MA), with off-axis ICRF heating, the observed sawtooth
precursor frequency indicates plasma acceleration in the cocurrent direction. Plasma acceleration with ICRF power is
seen from sawtooth precursor frequencies (Figure 3.4) as
well as from charge exchange recombination measurements.
With lower plasma currents the central rotation was reduced,
in some cases counter-current rotation was observed.
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3.3.2. Non-thermal properties of the Electron Cyclotron
Emission from JET plasmas.
The reliability of the determination of Te(r,t) using electron
cyclotron emission (ECE) can be affected by several
physical phenomena such as generation of non-thermal
electron populations or excitation of plasma instabilities,
which cause a significant enhancement of the
electromagnetic radiation from plasmas. In particular,
intense frequent ECE bursts often have been observed in
high performance plasmas and sometimes during disruptions
in JET. The nature of intense ECE bursts (Trad >10-100 x Te)
in discharges with edge-localized modes (ELMs) in JET is
still unknown. To clarify the origin of these bursts a study of
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Figure 3.4 - (a) Typical discharge with ICRF off-axis heating
(BT=2.6 T, Ip=2.6 T). (b) – Spectrogram of magnetic pick-up
signal showing frequency of sawtooth precursors.
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Alfvén frequency range. In JET, the data acquisition
system of the far infrared DCN interferometer have been
modified so that three vertical chords out of the four
available channels measure line-integrated density
fluctuations ∆neL where L is the path length in the
plasma. New waveguides installed for the microwave
reflectometer system allow for greatly improved radial
localized density fluctuation measurements using Omode and X-mode propagation (Figure 3.6). In JET, the
far infrared DCN interferometer diagnostic is the most
versatile diagnostic for providing information on the
instabilities throughout the discharge over a very wide
range in density.

their characteristics has been carried out. Intense frequent
bursts of the ECE radiation at the first and second electron
cyclotron harmonics have been registered in many JET
discharges at plasma currents Ipl>1.5 MA and total heating
power PTOTAL>10MW. The appearance of ECE bursts was
detected after L-H transition, when ELMs have been
observed (Figure 3.5).

Figure 3.5 - JET ITB discharge #61331. Electron temperature
signals with characteristic bursts of ECE are presented in the first
row. 2nd row – Heating power signals LHCD (magenta) followed
by NBI+ICRH heating (blue+red) . Plasma current, energy, Dαand density signals are presented in subsequent rows
Figure 3.6 - Alfvén Cascades measured using O-mode and Xmode Reflectometry near r/a=-0.2 (#67732).

All cases of bursts observed are characterized by the
presence of MHD activity and have obvious connection with
the parameters of the plasma pedestal in H-mode. In
particular the bursts appear with the increase of the pedestal
electron temperature (discharge #61331) and disappear after
back H-L transition when the edge Te decreased. The
dependence on edge Te (and, consequently, on electron
collision frequency) implies that energetic electrons in the
tail of the distribution function might be involved in the
described process. Significant MHD activity suggests a
perturbation of electron trajectories either due to magnetic
line bending or flux reconnection. Unlike to the results from
ASDEX-Upgrade and DIII-D, ECE bursts in JET were
detected in high-density discharges and in the channels,
which, on their frequencies, are placed in the dense plasma
core up to 30-40% along the plasma radius. This observation
challenges the low-density based models for observed
phenomena and requires the development of other
approaches. Several candidate mechanisms for ECE bursting
during ELMs including collective instabilities associated
with anisotropy of electron distribution function will be
considered in the future studies at JET.

The O-mode microwave reflectometer system is used
as an interferometer in the JET experiments reported here
owing to the low operating density. This system provides
the best signal to noise ratio for viewing the core
localized modes, but relies on the density being close to,
but not exceeding, the plasma frequency. Operating in the
X-mode, the reflectometer is able to detect NBI driven
Alfvén cascades and give valuable information on the
radial location (Figure 3.6). The magnetic probes are only
sensitive to low toroidal mode number instabilities (n=2,
3, 4), due the radial extent of these modes.
These experiments focus on the study of the fast ion
energy dependence on the excitation of Alfvén Cascades.
Neutral Beam Injection (NBI) heating sources with
different energies were used for this purpose at the
maximum magnetic field in order to minimise Vb/VA.
Keeping the main plasma parameters constant; magnetic
field, BT= 3.46 T, plasma current, Ip=2.1 MA, density
ne=1019 m-3, and using 2 MW of Lower Hybrid Current
Drive (LHCD) to create reversed magnetic shear, low
power (~3 MW) NBI was injected at difference voltages
(50 keV, 80 keV and 117 keV).
With the highest beam ion energy on JET of 117 keV,
Alfvén cascades with various toroidal mode numbers
(n>2) were observed in the frequency range between 30

3.3.3. Excitation of Alfvén eigenmodes with sub-Alfvénic
neutral beam ions in JET
The diagnostic setups in JET have recently been upgraded to
allow core resolved measurements of fluctuations in the
14

3.3.4. Experiments on fast ions redistribution in JET
In the 2006 experimental campaigns, the new lost alphas
diagnostics (Faraday cups and Scintilator probe) were
used for the first time. These two new diagnostics
provide quantitative measurements of the fast ions losses
and reliable data for the study fast ion physics. Thus,
several experiments were planned and carried out in
order to explore the new capabilities. These experiments
aimed to destabilize all types of instabilities thought to be
responsible for relevant fast ions transport, like TAEs,
tornado modes and fishbones and measure the fast ions
losses related with these instabilities. All target
instabilities were successfully destabilized in 2006
experimental campaigns, though, since there are usually
more than one instability occurring at the same time, it
may be difficult to determine the contribution to the
measured losses of each of them individually. In
particular, experiments carried out with low density
plasmas and high ICRH power have produced all these
instabilities in the same pulse.
One of the most relevant topics related with fast ions
losses concerns to the causes of monster sawtooth
crashes: Are monster sawtooth crashes caused indirectly
by the effect of other instabilities, which expel the fast
ions responsible for sawtooth stabilization from the
plasma centre? The results from JET experiments on fast
ions redistribution may shed some light on this subject.
Figure 3.8 shows the fast ions losses before the sawtooth
crash in the low-density, high ICRH power scenario.
The top image of Figure 3.8 shows the spectrogram of
MHD activity during the period of a monster sawtooth
obtained in 2006 JET experimental campaigns (#66319).
Two different instabilities are observable prior to the
sawtooth crash: diamagnetic fishbones with a frequency
around 20 kHz and tornado modes with frequencies
around 240 kHz. Though tornado modes have been
regarded as the main instability causing fast ions to be
expelled from the plasma core, recent experimental
results have shown that fishbones have also a nonnegligible effect. The bottom image of Figure 3.8 shows
the temporal evolution of the number of fast ions
collected by the scintilator probe with the pitch angle as a
parameter. Thus, a significant result obtained in these
experiments is that there are indeed significant fast ions
losses in the period that precede a monster sawtooth crash
(Figure 3.8).

kHz and 140 kHz. By decreasing the beam energy to 80
keV, the Alfvén Cascades were still observed but with
reduced signal strength on a range of diagnostics. At 50 keV
injection energy corresponding to Vb=VA/6, Alfvén
instabilities are still observed in the Alfvén frequency range
between 40 kHz to 60 kHz (Figure 3.7). This confirms that
Alfvén Cascades can be driven by fast ions with velocities
well below the Alfvén velocity (VA).
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3.3.5. Controlling the internal-transport-barrier
oscillations in high-performance tokamak plasmas
with a dominant fraction of bootstrap current
An analysis of internal-transport-barrier (ITB) dynamics
with JET parameters has been conducted using the
extensively benchmarked 1.5-D transport code, JETTO
with Bohm gyroBohm model. In this code the profile for
the toroidal rotation velocity is followed in time,
simultaneously with the profiles for the plasma and

Time (s)
Figure 3.7 - Microwave interferometer measurements of Alfvén
eigenmodes in 3.46 Tesla JET discharges with 2-3 MW of injected
deuterium beams and for a range of beam ion energies
corresponding to 1/3 to 1/6 the Alfvén velocity (VA) (# 66959,
#66962 and #66963). A discharge with no beams is shown for
comparison (# 66964).
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Figure 3.8 - Temporal evolution of the MHD spectrogram (top)
and fast ions losses (bottom) before a sawtooth crash. Tornado
modes (high frequencies) and diamagnetic fishbones (low
frequencies) are observable just before the sawtooth crash and
during the period that precedes the crash where significant fast
ions losses occur.

3.3.6. Exploitation of the Motion Stark Effect
diagnostic
3.3.6.1. Offline determination of the local pitch angle
An alternative offline signal-processing scheme for the
estimation of the local pitch angle between poloidal and
toroidal magnetic fields inside a tokamak plasma
discharge, using the Motion Stark Effect diagnostic
(MSE), was developed and applied successfully to some
JET data. A software implementation of a Phase Locked
Loop (PLL) scheme was developed, allowing for
frequency jitter tracking in a bandwidth of 500 Hz as
opposed to the (fixed frequency) least-square fit. Optimal
quadrature minimization is guaranteed for every
channel/shot reducing the error propagation in the pitch
angle and q-profile calculation. The Empirical Mode
Decomposition method (EMD) was also integrated in
order to extract the local features of the time evolution of
the magnetic field pitch angle for every channel. A
Matlab based Graphical User Interface (GUI)) was
developed for reading/processing JET MSE data, making
use of MDSplus and the above PLL.
A significant improvement in the overall performance
is achieved with an implementation of the Local Area
Multicomputer Message Passing Interface environment
for Matlab, with a fully portable MPI standard compliant
Application Programming Interface. The processing is
spread over 28 nodes, taking full advantage of the Jet
Analysis Cluster (JAC), yielding an average
computational elapsed time of the order of 4 minutes for
typical JAC usage.
A comparison between the above mentioned method
and the standard MSE signal processing in JET (Fugure
3.10) has shown that, apart from the above mentioned
refinements on the PLL side, the EMD potencial used as
an adaptive filter bank tool successfully retrieve the
signal trend with a far better frequency response than the
common box-car average. EMD is also a particular useful
tool in cases where only a limited amount of signal
samples are available for processing.

current densities and for the electron and ion temperatures.
Also the ICRH, NBI, and LHCD sources are selfconsistently integrated in the modeling, making this a
considerably more complete study than previous ones on
steady-state regimes with large fractions of bootstrap (BS)
current.
It has been predicted that, for JET advanced tokamak
(AT) plasma configurations, with 10 MW of ICRH and
30 MW of NBI, 6 MW of LHCD power suffice to sustain a
wide stationary ITB whose foot is outside ρ ≈ 0.7 , in an
overdriven plasma with a total current of 2.3 MA, the BS
fraction slightly exceeding 80% of the 4.7 MA flowing in
the co-direction (Figure 3.9). These results clearly point
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AT fusion reactor. It also indicates that transformer
recharge is possible and, moreover, that the ITB itself can
sustain enough toroidal rotation in the plasma core to
ensure the stabilizing benefits of E × B flow shear. The
latest may be good news considering the expectation of
low torque injection by high-energy NBI at the large
plasma densities foreseen for ITER and next-step
devices. Finally, the identification made here of LHCD as
an actuator to provide stationary ITBs in AT highperformance, BS-dominated plasmas, which has been
possible by combining in the time-dependent ITB
modeling the effects of E × B flow shear with those of
magnetic shear in the formation and sustainment of ITBs,
can be checked experimentally in present-day tokamaks
by scanning the LHCD power and seeing if, above a
certain threshold, the ITB oscillations are no longer
observed.

24

Figure 3.9 - Evolution of plasma performance for PLH = 3, 4, 5,
and 6 MW. Also shown, for PLH = 6 MW, is a simulation without
E × B effects in the ITB model.

towards the possibility of steady-state, predominantly
Bootstrap-sustained tokamak operation, as projected for an
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ratio than the commonly used real-time PLL schemes
such as the one implemented at JET and with as good
quality as those obtained by the offline PLL signal
processing (Figure 3.11).

Figure 3.10 - Comparison between standard (smoothed) MSE
processing and EMD processing
Figure 3.11 - Time evolution of the amplitude of the 23kHz
APDs’ harmonic using both single-phase lock-in and recursive
filtering techniques for JET shot 66550 channel 15.

3.3.6.2. Recursive filtering techniques for the amplitude
extraction
The accuracy and signal-to-noise figure of merit of the
magnetic field pitch angle (γ = Bθ/Bφ) determination using
the MSE diagnostic depends strongly on the algorithm used
for the determination of the amplitudes of the DC, 23, 40
and 46 kHz harmonics of the Avalanche Photodiode (APD)
signals. A novel real-time processing of the MSE data was
developed for the estimation of the magnetic field pitch
angle, using recursive filtering techniques (Kalman filter) to
extract these amplitudes from the APD signals. The method
allows the real-time simultaneous estimation of harmonic
amplitudes in a noise contaminated signal. Based on a
predictor-corrector optimisation procedure, each harmonic is
firstly estimated based on the expected phase rotation at
each time sample and then its amplitude is corrected using a
variable filter gain multiplied by the signal residual.
Preliminary results indicate a much better signal to noise

3.3.7. Analysis on particle transport due to magnetic
equilibrium configuration
The new divertor geometry of JET allows an equilibrium
magnetic configuration similar to the ones that ITER will
operate. In recent JET campaigns the X point position
and triangularity was scanned. Figure 3.12 shows three
possible equilibrium magnetic configurations that were
simulated in EDGE2D/NIMBUS SOL transport code.
The magnetic configuration on the left of Figure 3.12 is
ITER like with the X point at 6 cm away from the inner
divertor target tile, the outer strike point is at tile 5, tile at
the middle of the divertor) and the SOL width at the outer
mid plane is 2.1 cm for the jet discharge #66296. The
equilibrium configuration at the middle of the figure has
a lower upper triangularity, the X point is also at 6 cm

Figure 3.12 - Three different magnetic equilibrium configurations: The ITER like on the left (JET pulse #66296); the upper lower
triangularity (JET pulse # 66526) and the lower triangularity (JET pulse #66515).

17

applied (Figure 3.13). Another important result is that the
detachment occurs at the lower outer mid plane densities
rather than at higher densities. This is thought to be
because the electron temperature at the inner divertor
target decreases with the flow velocity. It is also observed
an electron temperature drop at the outer divertor. This is
caused by the decrease of heat flux from the SOL to the
outer divertor due to a change of direction of the
convective heat flux. The velocity at the X-point position
was observed to change direction when the external force
is applied.

away from the inner divertor target tile, the outer strike point
is at the bottom closed to the outer divertor target tile, The
SOL width is 2.6 cm, the discharge is #66562. And finally
the equilibrium configuration on the right has a low
triangularity with the X point at the middle of the divertor
14 cm away from the inner divertor target tile, the outer
strike point is at the outer divertor target tile, the JET
discharge is #66515.
These three configurations were used to study the
influence of the SOL width, X point position and the
positions of the outer strike point on particle transport
(Deuterium and Carbon). It is important to notice that on
JET the most efficient cryogenic pump is positioned at the
outer divertor target.
The results of the EDGE2D/NIMBUS simulations were:
(i) At the main ion density limit the electron temperature
at the inner divertor is higher for the cases with the X
point closer to the inner target;
(ii) The Carbon sputtering is higher and its density is also
higher inside the last closed flux surface for the case
with lower triangularity than for the higher
triangularities;
(iii) The pump efficiency is more dependent on the outer
strike point position than the X point position. The
ITER like configuration has one order of magnitude
lower deuterium neutrals flux to the pump than for the
other two cases. This effect (reduction of efficiency)
was also observed experimentally.

3.3.9. Impurity transport due to different densities at
the last closed flux surface using COCONUT code
The COCONUT is a self-consistent code that includes
the
core
(JETTO/SANCO)
and
the
edge
(EDGE2D/NIMBUS) codes. For every time step
EDGE2D/NIMBUS passes to JETTO/SANCO: All
neutral fluxes; the average at the LCFS the main ion
density; the average at the LCFS the electron and ion
temperatures and the average at the LCFS the impurity
fluxes for ionization stages. The JETTO/SANCO passes
to EDGE2D/NIMBUS: the ion flux; the ion and electron
convective fluxes; the all ionisation stages density
profiles and the normalized perpendicular transport
coefficients (ion and electron heat diffusivity, particle
diffusion).
Figure 3.13 presents the results for two different main
ion densities and deuterium gas puff levels at the
boundary of JETTO. The lowest main ion density
corresponds to a deuterium influx of 2.6×1021 p/s and the
highest to the highest influx of 3.0×1022 p/s. Figure 3.14
clearly shows that the convective velocity within the ETB
is positive for the highest puff and negative for the lowest
allowing in the latter case for impurities reaching the
plasma core.

3.3.8. The effects of the anomalous flow on impurity
screening
At JET and other medium size machines it was observed
that the deuterium velocity parallel to the magnetic field
(measured by the Mach probe) has a stagnation point
between the outer mid plane at the outer strike point. For Lmode plasmas the values of this velocity, at the machine top,
were observed to be around M = 0.5. The first
EDGE2D/NIMBUS simulations with E × B drifts only
reproduced the radial profiles qualitatively. The ballooning
character of anomalous transport, which may introduce a
convective cell at the outer mid plane, was also considered a
process that can drive an anomalous SOL parallel velocity.
The SOL anomalous parallel velocity is included in the
EDGE2D/NIMBUS code as an external source of
anomalous momentum parallel to the magnetic field lines
and influences the main ions. A scan on the amplitude of
this force was done for H-mode plasmas. The results were
an increase of deuterium density with the flow velocity and
exhibiting positive gradients at the inner and outer mid
plane. It was also observed that the decrease of impurity
concentration inside the last closed flux surface was due to
the increase of deuterium density and not to the decrease of
impurity content. In this simulation convective cells in the
deuterium flux were observed when the external force was

3.3.10. Explanation of the JET n = 0 chirping mode
Persistent rapid up and down frequency chirping modes
with a toroidal mode number of zero (n = 0) were
observed in the JET tokamak when energetic ions, in the
range of several hundred keV, are created by high field
side ion cyclotron resonance frequency heating. Fokker–
Planck calculations demonstrate that the heating method
enables the formation of an energetically inverted ion
distribution which supplies the free energy for the ions to
excite a mode related to the geodesic acoustic mode. The
large frequency shifts of this mode are attributed to the
formation of phase space structures whose frequencies,
which are locked to an ion orbit bounce resonance
frequency, are forced to continually counterbalance the
energy dissipation present in the background plasma.
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M = 0.02

M = 0.47

Figure 3.13 - Perpendicular component of the deuterium flux for the case with no external force applied and with the external source of
momentum.

3.3.11. Type II ELMs similarity JET/ASDEXUpgrade
This experiment consisted in doing a similarity to
ASDEX Upgrade, by matching as close as possible the
plasma configuration as well as the pedestal parameters.
The main questions to assess with this experiment are:
(i) Are type II ELMs collisionality dependent?
(ii) Configuration dependence: QDN and upper
triangularity;
(iii) Does proximity of the X-point to the inner target
affect the ELMs such that these type II ELMs are a
consequence of that proximity;
(iv) Dependence on beta poloidal.
The first results showed that a steady state phase with
very small ELMs could be obtained with results similar
to ASDEX Upgrade. So far, the question on collisionality
is still to be answered, the range of collisionality, the
values obtained so far are between 0.3 and 0.6. As for the
importance of the proximity to DN, it is clear from the
experiments done so far that it is important. A fine scan
of Dsep was performed (Figure 3.15), as we approach the
upper single null (USN) we start to loose the steady state
type II ELMs and start to have type I ELMs. To USN
configurations, the vertical control of the plasma starts to
introduce oscillations.

Ti

ni
High gas puff
Low gas puff

Vimp

nimp

ρ
Figure 3.14 - Ion temperature and density profiles for two different
deuterium puff levels and the correspondent impurity neo-classical
convective velocity and impurity density.
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Figure 3.15 - Scan proximity to DN. As the plasma moves closer to
the upper dump plate, type I ELMs start to appear and for USN.

This scan was performed at 0.86MA/1.1T (q95=4.3) as
part of the similarity experiment.
Figure 3.16 shows the time traces, for type II like ELMs,
(in descending order) of the inner and outer H alpha, the
edge line average density, and the pedestal electron
temperature. Figure 3.17 presents the same time traces for
type I ELMs. The Halpha traces for the type II case shows
ELMs with much smaller amplitude and much higher
frequency than in the case of type I ELMs. Also one can see
that the pedestal temperature drop when the ELM occurs in
the first case is around 20 eV indicating quite small ELMs
whilst for the type I case, the drop is around 60 eV. The type
II ELMs also show to be very small, the ELM size
(∆W/Wped) is less than 5%, while for small type I ELMs the
average ELM size are values higher than 5%.

Figure 3.17 - Time traces of a type I like ELMs discharge

At low current it was demonstrated that it was
possible to achieve small ELMs. For the same
configuration the current was increased to 1.2 MA and
1.6 MA (same q95). Figure 3.18 shows the ELM size as
function of collisionality. The yellow points are for
discharges with type II ELMs at 0.86, 1.2 and 1.6 MA.
So far it was demonstrated that it is possible to decrease
collisionality and keep the small ELMs, but the
collisionality is still high.

3.3.12. Optimization of the JET Beryllium tile profile
for power handling
The primary objective of the JET ITER-like wall project
is to install a beryllium main wall and a tungsten divertor.
For Beryllium, melting and thermal stress limit the
maximum power density which can be tolerated in
operation. The tile design has to allow routine plasma
operation for ITER relevant scenarios, i.e., q95 _[2.3-10]

Figure 3.16 - Time traces of a type II like ELMs discharge
Figure 3.18 - ELM size as function of collisionality.
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o Identify and localise MHD activity, ex. Alfvén modes
(Figure 3.20);
o The first correlation length measurements in the
plasma core.

with high power input ( ~ 30 MW) for pulse lengths of 10 s.
The design of the Be tiles and the power handling studies
were done for the outer poloidal limiters and ICRH
horizontal protections, and the optimization of their design
to achieve the operational goal described above. Figure 3.19
shows the final design of a tile for the wide poloidal limiter.

3.4.3. Refurbishment of the X-mode reflectometer
(KG8a)
The new FMCW reflectometer was installed in the new
JET MWA transmission lines. However, first tests
underlined some problems related to the long delay line
(approximately 260 ns). As a result, the interference
fringes needed to obtain the density profile were not good
enough and stressed problems with the coherence. In
spite on these problems, some positive indications were
observed:
o The back wall reflection with an estimated loss of
56dB was observed, proving the good sensitivity of
the reflectometer detection;
o A reflection from the vacuum window (to be
removed), could be suitable to calibrate the
reflectometer.
In order to solve the problems observed during the
test and installation, the introduction of a delay line in the
reference arm was proposed and approved and the work
was performed by CFN . This long delay will introduce
some changes to the system:
o The coaxial cable used will introduce an attenuation
of 120 dB at 18 GHz and 90 dB at 12 GHz, which
needs to be equalized;
o The change in the delay between the reference and the
plasma signals at the detection, will involve some
changes in the IF and detection sections since the IF
frequency changes from 260 MHz to about 40 MHz.

3.4. PERFORMANCE ENHANCEMENTS
3.4.1. Introduction
The Association EURATOM/IST has lead and been
involved in several tasks carried out in the frame of the JET
Enhancements Projects (EP-2):
• Millimeter Wave Access;
• Refurbishment of the X-mode reflectometer (KG8a);
• Fast Wave Reflectometer - Phase I: conceptual and preengineering designs;
• Fast Visible Camera;
• Real-Time Measurement & Control Diagnostics and
Infrastructure;
• Plasma Control Upgrade Project;
• Data Acquisition for the Gamma Ray Spectrometry
3.4.2. Millimeter Wave Access
The project arrived to its conclusion by the beginning of
2006 with the reallocation of the reflectometers into the new
waveguides. The project was concluded in time and final
reports were produced. The performance of the waveguides
was verified by analyzing the first signals obtained by the
reflectometers in which is clear the excellent performance of
the system. Tests shown that amplitude of reflected signal
increases at least +17 dB and clear signal dynamics is now
observed on the signal spectrum suggesting a S/N of about
20 dB.
This project was a complete success both in scientific
and managerial terms. The use of the new corrugated wave
guides (MWA) by the correlation reflectometers allowed the
access to the plasma core region, allowing to:

Figure 3.19 - (a) Tile surface for the wide poloidal limiter (b) example of a tile assembly, with the coordinate axis and, schematic
incidence of the field lines (B) on the various tile surfaces.
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The conceptual design phase was concluded
achieving a feasible proposal for the installation of the
diagnostic (Figure 3.21). In order to probe the plasma at
one position one TX-RX channel (on the instrumentation)
and a pair of antennas are required. The proposed
antennas are loop type antennas placed on the torus low
field side limiter beams in order to be as close as possible
to the plasma. The transmission lines will be coaxial
cables that should enter the machine using feed through
coaxial ports and proper dc-breaks to isolate to diagnostic
hall. The diagnostic equipment consists of an RF
generator agile with sweep capability in the 10 to 60
MHz range, providing up to 5W of RF energy into the
TX antennas. Generators will be driven by DDS (direct
digital synthesizers) followed by the necessary signal
processing amplification and conditioning. The receiver
uses a traditional heterodyne topology but only the frontend converter is done using conventional hardware. The
signal detection and phase measurement are done using
dedicated DSP (digital signal processors) that sample the
IF signal directly. During this part of the project there
was a detailed design of all the in-vessel parts to assure
the feasibility of the diagnostic (Figure 3.22).
Studies and simulations for determining the antenna
coupling the study of the impact of impurities were
conducted in collaboration with the other participants in
the project. The accessible region of the plasma is
reduced if the frequency is forced to stay below the
impurity cyclotron resonance frequency (Figures 3.23
and 3.24). This may not be the case if damping is low or
enough signal margin to operate is given.
Studies of the intrinsic limitations due to the in-vessel
parts geometry and localisation were also conducted.
These studies involved 3D simulations of the antenna
cross-talk with and without plasma. The studies have
shown better than 30% coupling to the plasma being the
maximum allowable signal / cross-talk level limited by
the ADC. A Full 3D simulation of the cross talk was
performed (figure 3.25):

Figure 3.20 - X-mode reflectometry measurements of AEs during
density scan

3.4.4. Fast Wave Reflectometer
The measurement of the fuel mixture remains a very
difficult task in thermonuclear plasmas, where the hydrogen
isotopes are fully stripped and do not emit line radiation. A
direct determination of the ion species mix will be essential
in the reactor to keep the mixture close to 50/50 and
maximize the fusion output, to allow a better control of the
power deposition profile and to understand particle transport
coefficients. Feasibility experiments performed at DIII-D
have shown that the Fast Wave Reflectometry technique is
promising to provide fuel isotope mix ratio within a few
percent resolution. In the framework of the JET
Enhancement Projects it was proposed to test such a method
in the JET environment, trying to optimize relevant
parameters. It is foreseen to obtain a spatial resolution in the
range of few cm (depending on the signal to noise ratio at a
particular shot this can be as good as 1cm) and a temporal
resolution in the range of 1 millisecond. Lower temporal
resolutions will allow higher spatial resolution and vice
versa.

5W
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uController
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DDS 2

Trigger

2x ADC

Sampler

~
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Sampler

~
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~

CPU
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Figure 3.21 - Proposed instrument design for the Fast Wave Reflectometer.
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a)

b)

Figure 3.22 - a) Antena design, symmetric loop supported in the center; b) Conduit design

Figure 3.23 - Cutoff changes in the presence of impurities

• Metallic structure and vacuum: Better than -74dB crosstalk was obtained (worst case at 60MHz, the narrow
resonance at 20MHz can produce -65dB at one specific
frequency);
• Metallic structure vacuum gap and non cut-off plasma:
better than -66dB cross-talk with same resonance feature
from the structure. This was an extremely heavy
simulation; about 52h on a P4@3.2GHz forced some
relaxation of the simulation parameters that resulted in
higher simulation noise.

Figure 3.24 - Access window reduction by the presence of
impurities a) Studies for Beryllium with 13% Be on a
25%T/(D+T); b) Studies for Carbon with 5% Carbon

3.4.5. Fast Visible Camera6
IST has participated in the commissioning of the Fast
Camera (FC7) in the JET environment. The main goal was
to study the dependency of the acquired amount of light
against the exposure time. This allows to define the
configuration limits in which the camera can be operated
and consequently the physics that might be studied. The
other objectives were to understand the quality of the
acquired data, along the time, and check if radiation effects

6

were noticed.
In order to perform the study described above,
analysis software was developed to automatically
generate data reports for each shot. The first images from
the camera were acquired in 2006 campaigns (Figure
3.26). Among the main results one could observe charts
and tables with the amount of light against the exposure
time, the camera configuration for the selected discharge
and compare results between different setups.

Work made in collaboration with Associations EURATOM-CIEMAT and EURATOM-HAS
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b)

a)

c)

d)

Figure 3.25 - a) Structure model: stainless steel and inconel and vacuum; b) Cross-Talk through structure and vacuum; c) Cross-Talk
with a non cut-off plasma; d) Plasma model: set of layers with increasing refraction index, ngap=1, n(1:8)=4,10,20,35,40,45,50,52

a)

is fully operational there were no data acquisition
problems and the quality of the acquired data was good
(Figure 3.27). With some improvements, mainly in the
optics, it was clear that the camera was almost ready for
operation at low exposure time values.
Shutter speed = 1000s-1
0.1800
0.1600

Light [0,1]

0.1400

b)

0.1200
0.1000
Avg Light [0,1]

0.0800
0.0600
0.0400
0.0200
0.0000
67665

67683

67685

67761

67764

67766

67768

67771

Shot Number

Figure 3.27 - Variation of the amount of light, against the
discharge number

3.4.6. Real-Time Measurement & Control Diagnostics
and Infrastructure
IST is the leading associate for this project which aims to
enhance the real-time capability of JET in three distinct
areas: diagnostics, networks infrastructure, and real-time
equilibrium codes. During 2006 it was completed the
assessment of the requirements in data acquisition
resources in the diagnostics enhancements (Far Red
Interferometer-KG1, and Basic Neutrons-KN1, KH1,

Figure 3.26 - a) One of the first acquired images with the fast
camera. The ability to select a region of interest was being studied;
b) False color image provided by the analysis software

The natural trend of having less light with higher shutter
speeds was confirmed. The maximum shutter speed tested
was 30000 s-1, a speed where several shots with a good
amount of light per pixel were registered. When the camera
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shelf management of temperatures and fans …) and
scalability and is certainly adequate for critical plasma
control tasks. The ATCA base specifications define a
board and shelf (sub-rack) sharing a common backplane
with interconnections based on a full mesh of serial
gigabit communication links. The platform contains one
ATCA controller with ATM and Ethernet interfaces and
up to 12 ATCA Digitizer / Generator / Processor (DGP)
cards with two Aurora 2.5 Gbit/s optic fibre links and
trigger and clock inputs, all on an ATCA 12U shelf.
During 2006 the following targets were met:
• Beginning of the development of the software, for the
offline tests of the digital controllers (VME and
ATCA);
• Tests to assess feasibility of using an ATX
motherboard as an ATCA controller;
• Implementation of the schematics and PCB of the
prototype ATCA processor board;
• Beginning of the development of the schematics of
the ATCA IO control board and of the PCB design.

KM7). A Working Group on “Real-Time Network
Infrastructure Enhancement” was set-up to identify new
technologies and propose a strategy for the JET RT network
expansion. It was decided that JET should keep the ATM
backbone structure but in parallel, develop a sub-network
for demanding systems based on emerging 10Gb switched
technologies. An evaluation on these standards was made in
terms on performance, latency, data throughput, costs and
compatibility with JET soft/hardware. A preliminary design
of the prototype network system developed by IST/CFN that
can include four to eight nodes using, copper on fibers
optics technology, PCI Express, ATCA connectivity is
depicted in Figure 3.28.

3.4.7. Plasma Control Upgrade Project
IST is developing the hardware platform proposed for the
Vertical Stabilisation controller aiming at:
• Reducing delays on the acquisition/generator endpoints
and data interconnect links;
• Providing high
processing
power
near
the
acquisition/generator endpoints and on the system
controller;
• Providing the synchronism of all digitizer/generator
endpoints;
• Having an architecture designed for maintainability,
upgradeability and scalability;
• Targeting the specificities of the VS controller including
low cost per channel;
• Lowing risk of implementation and testing.
The proposed hardware of the controller is based on the
PICMG 3.0 Advanced Telecommunications Computing
Architecture (ATCA) standard. ATCA is designed from
ground-up for high availability (redundant power supplies,
ATM
SWITCH

ATM – 10Gb
Bridge

3.4.8. Data Acquisition for the Gamma Ray
Spectrometry
The conceptual study and design of a prototype for fast
acquisition module was done. This module consists of
eight 13-bit analogue channels at 250 MSPS, 2 Gbyte of
memory and two field programmable gate arrays
(FPGAs) able to perform the required real time pulse
processing algorithms: pulse height analyzer, pile-up
rejection and pulse shape discriminator.

10Gbit Switch/ 24-port

JET RT
ATM Network
(CODAS)

100/10 Mbit
Ethernet

XFP SR (<300 m)
MMF Fibre Optic
Interface Eurocards

ATCA Chassis

ADCs + FPGA

ADCs + FPGA + DSP

DACs + FPGA

PCIe 10Gb Adapter)

Processing Node
(ATX Motherboard + PCIe
Adapter)

Low Cost
DAQ/Processing Node

TCP/IP

Hi Performance
Processing Cluster

RDMA

UNIFIED WIRE
Figure 3.28 - Fast evaluation prototype network for JET real-time control
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Storage
Server

iSCSI

3.5. MANAGEMENT
The Association EURATOM-IST has collaborated on the
management of the use of the JET facilities by the EFDA
Associates in the following manner:
• Duarte Borba has been Head of Office for the EFDA
Associate Leader for JET;
• Bruno Gonçalves has been a member of the staff of the
Close Support Unit to the EFDA Associate Leader for
JET and Plasma Control Coordinator;
• Horácio Fernandes and Paulo Varela have been members
of the Remote Participation Users Group.
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4. PARTICIPATION IN THE ITER PROJECT1

C.A.F. Varandas (Head), M.E. Manso (Deputy Head), A. Ferreira, F. Serra, H. Fernandes, J. Belo, J.P. Bizarro, J. Santos, L.
Cupido, P. Varela

Following a detailed technical analysis of the work to
be done, a splitting of tasks between the participating
Associations has been performed.
Besides the coordination work, IST will: (i) perform
the outline design for the ex-vessel waveguides and their
routing, taking into account possible locations for the
diagnostic electronics; (ii) contribute to the engineering
design of the in-vessel waveguides and antennas by
ensuring overall consistency within the task; (iii)
contribute to the assessment of the diagnostic
performance; and (iv) assess the requirements and develop
initial specifications for data-acquisition, CODAC
interfacing and local control system for the plasmaposition reflectometry diagnostic.
In parallel, IST performed in 2006 the assessment of
the asymmetric antenna performance which are likely to
be the only possible solution due to space constrains.

4.1. INTRODUCTION
This project included in 2006 scientific work on microwave
reflectometry, control and data acquisition and quality
assurance, as well as activities for the promotion of ITER to
the portuguese firms and research units.
4.2. MICROWAVE REFLECTOMETRY
4.2.1. Introduction
This research line included in 2006: (i) activities carried out
in the frame of three EFDA contracts, related with the
prototype transmission line and the plasma position
reflectometry; and (ii) the development of a full coherent
prototype reflectometer that might be important for ITER.
4.2.2. Prototype transmission line2
The transmission lines for ITER main plasma at the high
field side are being studied both experimentally (with a
mock-up developed by the RF partner) and with numerical
simulations.
IST/CFN activity has included: (i) participation in the
experimental characterization of both the full mock-up line
and the critical components; (ii) to the analysis of the
experimental results; and (iii) subsequent optimization of
the waveguide design supported by numerical waveguide
and full wave plasma simulations.
A meeting was held at Kurchatov Institut (KI) to plan
the work and efforts are being made to transfer the critical
components from KI to CFN for testing.

4.2.3.2. Assessment of the antenna performance
Antennas with both symmetric and asymmetric tapering
were initially considered (Figure 4.1) but asymmetric
(a)

4.2.3. Plasma position reflectometer
4.2.3.1. Introduction
EURATOM will deliver the ITER plasma position
reflectometer. A cluster of Associates (IST as leading Party,
CIEMAT3, CEA4 and ENEA-CNR Milan5) has been
formed aiming at: (i) developing a project plan, including
costing of full implementation for each diagnostic
procurement package; (ii) addressing the most urgent
design issues; (iii) re-evaluating the diagnostic performance
for the most recent diagnostic design and analysis of plasma
conditions; and (iv) supporting the ITER International
Team in the development of procurement specifications for
the port-based procurement packages.

(b)

Figure 4.1 – Antenna designs: symmetric (a) and asymmetric
tapering (b).
1

Activities carried out in the frame of the Contract of Association EURATOM/IST and the Contract of Associated Laboratory.
Work performed in collaboration with ITER Russian Federation Party. Contact Person: Vladimir Vershkov.
Contact Person: Teresa Estrada.
4
Contact Person: Roland Sabot.
5
Contact Person: Alessandre Simoneto.
2
3
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tapering, which is the least favorable solution, may be the
only antenna that can fit into the diagnostic conduit, behind
the blanket modules. Figure 4.2 shows the 3D model of the
antenna with asymmetric tapering used in the simulation
with the HFSS code. Figure 4.3 depicts the diagrams
obtained for 15 and 60 GHz. The distortion and tilt of the
radiation pattern, which is the major problem arising from
asymmetric antenna tapering, is clearly visible at 60 GHz,
due to the smaller wavelength, but is negligible at 15 GHz.
Figure 4.4 shows the corresponding 3D diagrams.

As the radiation patterns are tilted in opposite
directions (Figure 4.4), the region where the emission and
reception diagrams overlap varies with the target distance
and influences the antennas performance. Estimated losses
due to reflection on a metallic mirror are shown in Figure
4.5 as a function of the distance d between the antenna
and the mirror for 60 GHz. As expected the attenuation
increases when the mirror is either close or far from the
antenna. In the first case, the overlap of the radiation
patterns is reduced due to the divergent tilts of the
diagrams whereas in the second case, as the distance
increases, the overlap occurs only for secondary low
energy lobes. The estimated optimum distance is around
22 cm.
(a)

Figure 4.2 – 3D model of the antenna used in the HFSS simulation
of the radiation pattern.

(a)

(b)

Figure 4.4 – 3D radiation patterns at 15 (a) and 60 GHz (b).

(b)

Figure 4.3 – Antenna radiation patterns at 15 (a) and 60 GHz (b)
where the distortion and tilt due to asymmetric tapering can be
clearly observed. The tilt angle is negligible at 15 GHz and
slightly over 2° at 60 GHz.

Figure 4.5 – Estimated losses due to reflection in a metallic
mirror as a function of the distance d between the antenna and
the mirror at 60 GHz.
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4.4. QUALITY ASSURANCE7
IST/CFN, in collaboration with “Instituto de Soldadura e
Qualidade”, started in 2006 ITER-related activities on
Quality Assurance. The following tasks have been made:
 Participation on the development of the QA system for
the ITER EU domestic agency and implementation of
a Quality Assurance Programme in the European
Fusion Associations for ITER-relevant activities8;
 Definition with CEA-Cadarache of the work to be
done by each Association;
 Participation in a meeting in Garching about QA;
 Beginning of the implementation of QA procedures in
the CFN activities on digital instrumentation.

4.2.4. Full coherent prototype reflectometer
The conceptual design of a coherent heterodyne multimode
reflectometer, capable to respond to the requirements of
reflectometry diagnostic on ITER and with improved
capability as compared to present state of art reflectometers,
has been finalized.
The dedicated frequency synthesizers for the generator
units have been designed. The design has been improved in
order to incorporate analog synthesis capable of
overcoming the problems of signal coherence due to
significant delays of longer transmission lines, which have
been found in the JET new E-mode (KG8b) reflectometer
and will be also a serious problem for profile reflectometry
on ITER.

4.5. PROMOTION OF ITER
IST/CFN has proceed in 2006 with the promotion of the
ITER project by:
 Giving talks in workshops and conferences;
 Organizing meetings with Portuguese firms and
research units;
 Translating to Portuguese EFDA and ITER brochures;
 Organizing a Workshop on “Remote Handling for
ITER”, with the participation of two EFDA experts.

4.3. CONTROL AND DATA ACQUISITION
IST/CFN started in 2006 formal collaboration with ITER
on Control and Data Acquisition (CODAC).
The following activities have been performed in 2006:
 Participation in meetings of a Group for the review of
the conceptual design of the ITER CODAC system;
 Collaboration of a Portuguese expert on the
improvement of the conceptual design of the ITER
CODAC system;
 Beginning of the project plans of the data acquisition
CODAC interfacing and local control systems for: (i)
the ITER core-plasma LIDAR Thomson scattering
diagnostic; and (ii) equatorial visible-IR wide-angle
viewing system and radial neutron camera6.

6
7
8

Work performed in the frame of the EFDA Task TW6-TPDS-DIADES.
Work made in the frame of the EFDA Task TW6-TDS-QA2.
Work carried out in collaboration with the Association EURATOM/CEA.
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5. PARTICIPATION IN THE ASDEX UPGRADE PROGRAMME1

M.E. Manso (Head), F. Serra (Deputy Head), A. Combo, A. Ferreira, A. Silva, D. Borba, F. Salzedas, F. Silva, I. Nunes, J.
Santos, L. Cupido, L. Fattorini, L. Guimarãis, L. Meneses, P. Varela, R. Coelho, S. Hacquin, S. Graça, T. Ribeiro

5.1. INTRODUCTION
The Portuguese participation in the ASDEX Upgrade
(AUG) programme has been mainly focused in two
research lines:
• Microwave reflectometry;
• MHD, turbulence and transport.

 Improvement of the data acquisition of the Hopping
Reflectometers to allow discrimination of plasma
turbulence/MHD activity up to 500 kHz;
 Improvement of the control software to be compatible
with the operation at 500 KHz or 1 MHz and to
overcome the differences in memory of Q band (4
Mword) and V band (8 MWord).

5.2. MICROWAVE REFLECTOMETRY
5.2.1. Introduction
In 2006 this research line included activities on microwave
systems and electronics, control and data acquisition, data
processing, development of novel reflectometry techniques
for ITER, modeling and plasma physics studies.

5.2.4. Data analysis
The development of an integrated suite of data processing
tools for the analysis of broadband reflectometry data was
initiated and included:
 Development of an integrated set of data processing
tools that creates automatically AUG shot files with
various type of density data, such as density profiles
with linear extrapolation or with X mode initialization;
edge pedestal parameters such as pedestal density and
width plus edge gradient. In Figure 5.1 it is depicted a
density profile obtained with reflectometry from (i) O
mode plus linear initialization (orange line); O mode
plus X mode (red line). Density data from Thomson
Scattering diagnostic is also shown for comparison.
 Study (in starting phase) of a new approach to evaluate
density profiles from broadband reflectometry based
on Byasing algorithms (on going collaboration with
IPP, Garching).

5.2.2. Microwave circuits and systems
Besides the maintenance of the complex FM-CW plus
hopping reflectometry systems the main work was to
exploit hardware solutions that could protect the diagnostic
against the upgraded ECR heating power on AUG, which
damaged already some critical in-vessel waveguide
components. The actions in this area included:
 Study of a new oversized millimeter wave transmission
line to replace the existing fundamental Q and V band
fluctuation monitor waveguides;
 Study and optimization of a bi-static antenna front end
for the oversized transmission line of the Q and V band
channels, dedicated to monitor plasma fluctuations;
 Installation of waveguide switches in all reflectometer
channels to protect the system against ECRH radiation;
 Removal of the radiation sensitive in-vessel directional
couplers of the Q and V fluctuation monitor and
installation out vessel;
 Assessment of the possibility to implement an oversized
transmission line for the broadband channels at HFS
that would avoid sensitive in-vessel components. It was
concluded that the line cannot be implemented due to
severe space constrains at HFS.
5.2.3. Control and data acquisition
The main activities in this domain aimed to increase the
measuring capability of the fluctuation channels (Hopping
Reflectometers) and included:

Figure 5.1 - Density profile obtained with reflectometry (i) O
mode plus linear initialization (orange line); O mode plus X
mode (red line). Density state for Thomson Scattering diagnostic
is shown for comparison.

1
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edge to core for rather steep density profiles. The position
of the cutoff layers is determined from LID (Lithium
Beam), TS (Thomson scattering) and FM-CW
reflectometry. A new MHD mode at half the frequency of
TAEs modes was found at the edge, which rotates in the
electron diamagnetic drift. Its radial eigen function was
obtained using two different techniques: coherence
analysis between signals from Mirnov coil and
reflectometry and phase analysis of reflectometry signals
using 1 D Geometric Optics model. For the radial
structure of edge modes, the two techniques showed
reasonable agreement.
Concerning TAEs modes, the radial coherence profile
was obtained experimentally for n = 4 and found to be in
good agreement with results from LIGKA simulation
(gyrokinetic code) (Figure 5.2). A dominant peak of the
modes was localized in the core region and oscillations
observed at the edge are consistent with a closed gap
(Figure 5.3). The phase analysis of the TAEs modes is in
progress.

5.2.5. Development of novel reflectometry techniques for
ITER
Activities were performed towards the full demonstration of
plasma position reflectometry that shall be used on ITER
for plasma control, namely:
 Build-up of a density profile data base (using H-mode
reflectometry data) for the training of a neural network
approach for fast profile evaluation to meet ITER
control requirements;
 Assessment of a neural approach for plasma position
tracking using the profile database and several plasma
fluctuation scenarios;
 Application of the neural network configuration in AUG
H-mode scenarios with type I ELMs.
5.2.6. Plasma physics studies
5.2.6.1. Introduction
In this area both the capabilities of the broadband (profiles)
and fixed frequency channels (fluctuations) have been
exploited jointly to study edge modes, in particular ELMs
and MDH. Main objectives are to obtain the radial structure
and eigenfunction the modes as well as its temporal
evolution and dependence on main plasma parameters.
Several studies have been performed:
 Radial study of MHD activity from edge to core in low
density discharges with ICRH heating. Detection of a
new MHD mode at half the frequency of TAEs modes
rotating in electron diamagnetic drift at the edge;
 Study of the radial eigenfunction using two different
techniques: coherence analysis between signals from
Mirnov coil and reflectometry and phase analysis of
reflectometry signals using 1 D Geometric Optics
model. Experimental study of radial coherence profile
of n = 4 TAEs modes and comparison with LIGKA
simulation (gyrokinetic code). The phase analysis of
TAEs modes was initiated;
 Investigation of MHD modes (which could be Alfvén
cascades) observed at the early phase of discharges
during ICRH ramp up upward with sweeping probing
frequency. Detection of possible EAEs modes at ρpol
≤ 0.65 just after NBI blip.
 Investigation of the dynamics of intrinsic and pellet
triggered ELMs with analysis of ELMs onset time from
reflectometry measurements at HFS/LFS and
comparison with density data from Thomson scattering
plus Li-beam diagnostics.
 Study of the peaking and fuelling differences detected in
triggered ELMs between HFS and LFS.
 Comparison of detect fuelling effects with reflectometry
and fast camera image.

Figure 5.2 - Simulated radial eigenfuntion of electrostatic
potential and density fluctuations for n=4 TAE mode from
LIGKA code.

MHD modes (50 -150 kHz) localized between ρpol =
0.2 – 0.4 (+/- 0.05) were seen during ICRH ramp up phase
of some discharges that could be Alfvén cascades. Finally,
EAEs modes (at twice the frequency of TAEs modes) at
ρpol ≤ 0.65 were detected.

5.2.6.2. Study of Alfven Eigen modes
The study of Alfvén Eigenmodes studies was performed in
low density discharges with ICRH heating (ne = 3 to 4x1019
m-3) and Bt (2 to 2.5 T). In those plasmas scenarios, the Omode hopping system can discriminate MHD activity from
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degree of freedom available in the system and constitutes
a fundamental distinction between closed and open flux
surfaces in such a device. For the latter, the poloidal
periodicity of the magnetic field is replaced by a Debye
sheath arising where the field lines strike the
limiter/divertor plates. This is enough to break the field
line connection constraint and allow the existence of
convective cell modes, leading to a change in the
character of the turbulence from drift wave- (closed flux
surfaces) to interchange-type (open flux surfaces), and
hence increasing the turbulent transport observed . The
effect of the poloidal location of the limiters in the SOL
regions plays also a role. In particular, the comparison
between a configuration with a single limiter placed at the
bottom of the plasma column (single null – SN), and a
configuration using two limiters simultaneously, at the top
and bottom of the plasma column (double null – DN), was
made (Figure 5.4). The latter was chosen as it allows the
separation between the high field side (HFS) and the low
field side (LFS) of the tokamak, where the curvature is
favourable and unfavourable, respectively.
Both single and double limiter configurations yielded
a shear layer in the mean electrostatic potential, a
consequence of the neo-classical equilibrium in the edge
and of the Debye sheath dissipation in the SOL. Changes
in the equilibrium were observed between the edge and
the SOL regions in both cases, as a result of changes in
the drifts (ExB and diamagnetic) between such regions.
Further, localized structures crossing the last closed flux
surface into the SOL were observed (Figure 5.4a), as it is
found experimentally. Their shape becomes plume-like in
the SOL, which is typical of interchange dynamics. For
the SN case a similar picture is found. The features that
were unique to the double limiter configuration resulted
from the disconnection between HFS and LFS. In this
case, structures that would otherwise extend along the
field lines due to their convective cell mode character (k║
≈ 0), as is observed for the single limiter case (Figure
5.4c), were forced to exist only at the LFS (Figure 5.4a),
where the curvature destabilises the interchange modes,
with virtually nothing being seen at the HFS (Figure
5.4b). Such interchange modes do not feel the stabilising
effect of the HFS and lead to more violent turbulent
dynamics, as suggested by the increase observed in the
transport level (particle and energy) from single to double
limiter configuration.

Figure 5.3 - Coherence analysis for shot #21007: (a) Coherence
profile for n=4 and n=5 TAE modes , (b) Cross phase profile for
n=4 TAE mode.

5.2.6.3. HFS/LFS turbulence asymmetries
The studies were performed in discharges with upper single
null (USN), close to double null (DN) and lower single null
(LSN). These configurations change the flux surfaces affect
plasma turbulence. During double null configuration, HFS
and LFS scrape-off layers (SOL) are not connected.
Interesting preliminary results were obtained, showing that
MHD activity is observed at HFS but not on LFS during
DN phase. Plasma turbulence seems to be different for
LSN/DN/USN and USN/DN/LSN configurations. This
analysis is on going as well as comparison with theoretical
models2.
5.3. STUDIES ON MHD, TURBULENCE AND
TRANSPORT
5.3.1. Code development for turbulence and transport
analysis in the AUG SOL
The work comprised the extension of the study made
previously on open and closed flux surfaces , by using the
global GEM model (with temperature dynamics and profile
evolution) and including both the edge and SOL regions
simultaneously in the simulations, using a divertor-free
(simplified) geometry. The effect on the turbulence
different limiter configurations “single null and double
null”, was addressed. For that, the implementation of the
double limiter in the GEM code was made.
The field line connection of a tokamak sheared
magnetic field has an important impact on turbulence. It
ensures a finite parallel dynamical response for every
2

Ribeiro, PPCF 47 (2005) p. 1657-1679
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(a)

(b)

(c)

Figure 5.4 - Drift plane morphology (single snapshots, no time average) at the mid-plane position for DN case at the (a) LFS and (b)
HFS; and for (c) the SN case at the HFS.
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6. PARTICIPATION IN THE TJ-II PROGRAMME1

C. Varandas (Head), M. Manso (Deputy Head), A. Duarte, A. Neto, A. Silva, C. Silva, F. Oliveira, H. Fernandes, I.
Nedzelskij, L. Cupido, L. Guimarãis, P. Carvalho

The new hopping reflectometer was assembled, tested
and calibrated during 2006 and will be installed at
CIEMAT in January 2007. It uses, as the previous system,
two 8-12 GHz frequency synthesizers, one for the main
signal and the other for the local oscillator generation. A
low noise IF receiver is ended with a coherent detection.
Each synthesizer has a fast HTO oscillator and a PLL
control board along with other auxiliary components
implementing a fundamental dual loop multiple harmonic
PLL scheme. Output and input components, the multiplier
(output) and harmonic-mixer (input), interface directly the
waveguides that connect to the antennas inside the TJ-II
vessel.
As the two hopping systems must operate in
simultaneous time windows, they have been carefully
tuned for synchronous operation, in particular its
frequency switching characteristics. This is essential to
guarantee the maximum available measurement time
windows (most critical for short time hops) where the
signals from the two hopping systems are stable and
reliable data can be taken. Figure 6.1 shows the module
with the local oscillator multiplier and in-phase and
quadrature detector.

6.1. INTRODUCTION
The Portuguese participation in the TJ-II programme has
been mainly focused in five research areas:
• Microwave reflectometry;
• Heavy ion beam analyser;
• Edge physics;
• Retarding field energy analyser;
• Control and data acquisition.
6.2. MICROWAVE REFLECTOMETRY2
6.2.1. Introduction
This research line included the development of a correlation
reflectometer and plasma physics studies.
6.2.2. Correlation reflectometer
A frequency hopping reflectometer was developed for TJ-II
operating in the Q-band (33-50 GHz). Simultaneous
measurements performed with this new system together
with a similar one developed previously by CFN will allow
the study of correlation properties of plasma turbulence.

Figure 6.1 - Local oscillator multiplier and I&Q detector

1
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conditions for the formation of the shear layer more
accurately from measurements performed with the new Qband of the hopping system.

6.2.3. Plasma physic studies
A collaborative work with TJ-II team has started to exploit
the experimental results obtained with the first hopping
reflectometer plus the AM swept system (also designed and
constructed by CFN). The studies follow a previous
investigation of the TJ-II team on the formation of a plasma
layer with a high velocity shear resulting in an
improvement of confinement. Turbulence data from the
hopping system together with radial localization of
fluctuations from the AM swept reflectometry system is
providing key data for understanding the formation of that
velocity shear layer. The hopping system has successfully
identified the formation of a shear layer in 35 shots. A
simple empirical model was tested to verify the relation
between the line-averaged density given by interferometry
and it’s relation to ECH power, rotational transform (iota)
and plasma volume (volt). The model follows an
exponential dependance (Figure 6.2), according to:
nc=k.Powera.iotab.volc

Figure 6.3 - Correlation between experimental data and model
output.

6.3. HEAVY ION BEAM ANALYSER3
IST performed in 2006 the re-design of the detector cells
and improvement of the pre-amplifiers electronics aiming
at the reduction of the signal to noise ratio. Unfortunately,
due to problems with the beam (reduced intensity and
focusing) the new modifications could not be tested.
6.4. EDGE PHYSICS3
6.4.1. Introduction
This research line included in 2006 the measurement of
the edge electrics filed relaxation time scales and edge
physics studies with a fast visible camera.
6.4.2. Measurement of the edge electric field relaxation
time scales
The decay time of the plasma potential measured in the
edge plasma region have been investigated when electrode
biasing is turned off. Experimental results show that
floating potential signals can be well fitted by an
exponential decay with characteristic time decay in the
range of 10 - 40 µs (Figure 6.4). Results also suggest a
decrease of the decay time when moving radially inwards
inside the plasma (e.g. increasing the local plasma
density). It should be noted that the decay time in TJ-II
might be in some cases as small as 15 µs. The influence of
plasma density (in the range 0.4–1×1019 m-3) on relaxation
times has also been investigated in TJ-II.
Results suggest an increase in decay times above the
threshold density value. Turbulent damping mechanisms
are likely to apply on short time scales, in the order of few
turbulence correlation times (typically τc≈10 µs), in
consistency with the time decay found experimentally. It
is important to note that the damping times due to charge
exchange are expected to be in the range 100 - 1000 µs,
being therefore significantly larger than the decay time
measured experimentally.

Figure 6.2 - Simple exponential model and parameter fit values.
Critical densities identified by the Hopping system in blue and
model values in green.

That first study showed that the critical density (at which
the shear-layer is detected) has a strong dependence on
ECH power and iota, but the dependence on volume is
smaller. The later could be due to a high correlation
between plasma volume and rotational transform, but more
data points are needed to clarify this issue.
The correlation between model points and data points
was made (Figure 6.3), showing that the correlation
coefficient (R), is a good indicator of the model
adaptability. The additional factor (R), is a corrected
correlation coefficient that takes into account several
degrees of freedom. Being close to the original R may
indicate that critical density depends only on the three
parameters: power, iota and volume.
The formation of shear layers will be further studied
taking into account not only the critical density but also
density/temperature/pressure gradients. In future TJ-II
experimental campaigns we expect to identify the
3
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and robust probe has been achieved by using a common
grid for all channels, which also allows the reduction of
the number of RFEA powering electronics. The slits are
the commercial (Lenox Lazer) high power tungsten slits.
The design foresees the possibility to make a Janus-like
configuration with a simple duplication of RFEA. The
RFEA has been manufactured and assembled and will be
tested on TJ-II in 2007.

Figure 6.4 - a) Time evolution of floating potential when electrode
bias is applied and b) fit of the floating potentials fast decay
measured at the TJ-II plasma edge (r/a≈0.9).

6.4.3. Edge physics studies with a fast visible camera
The two dimensional structure of the edge turbulence on
TJ-II has been investigated using two different fast
cameras. The Hα light was imaged with a time resolution of
10-20 µs and a spatial resolution of ~2 mm. A nonintensified camera (100 kframes/s) was extensively used to
measure the Hα radiation using the limiter recycling to
intensify the plasma emissivity. This method allowed the
investigation of the edge structures poloidal rotation and its
dependence of the TJ-II plasma parameters.
An intensified camera (50 kframes/s) was also tested
and preliminary results suggest that is adequate to study
detail radial/poloidal structure of the edge fluctuations.
Taking each pixel of the camera image as a sensor, the TJII boundary plasma was characterized with a high spatial
resolution (down to 2 mm) using a large number of
sensors/probes (64×256). The statistical properties of the
Hα radiation calculating the mean, variance, skewness,
kurtosis and fluctuation level for each pixel (Figure 6.5).
We have observed that the fluctuation level peaks near the
last close flux surface and that the skewness and kurtosis
increases with radius, being the maximum located in the
scrape-off layer. Camera data suggests therefore that the
intermittency of the plasma emissivity increases from the
core periphery to the scrape-off layer, in agreement with the
probe data.

Figure 6.5 - Mean, variance, skewness, kurtosis and fluctuation
level of the Hα radiation during a TJ-II pulse.

6.6. CONTROL AND DATA ACQUISITION5
IST began in 2006 a collaboration with the TJ-II Data
Acquisition Group aiming at: (i) establishing a join
method for development by IST of remote data access
tools using the Shared Data Access System; (ii) starting
the development of an Euratom Federation for users
access authentication and authorization together with
CEA; and (iii) studying the implementation of the data
acquisition structure for the "Fast Camera" project at JET
and the integration in the JET CODAS level one.

6.5. DEVELOPMENT OF A RETARDING FIELD
ENERGY ANALYZER (RFEA) 4
A 5-channels 3-grids RFEA has been developed to measure
the edge ion temperature on the TJ-II stellarator. A compact
4
5
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7. PARTICIPATION IN THE TCV PROGRAMME1

C. Varandas (Head), A.P. Rodrigues, N. Cruz, P. Amorim, T.I. Madeira

have been used to benchmark a completely reworked
PHA diagnostic with the ultimate goal of providing realtime data analysis and diagnostic feed-back control.

7.1. INTRODUCTION
This project had in 2006 two research lines:
• X-ray diagnostics;
• Advanced plasma control system.
7.2. X-RAY DIAGNOSTICS
7.2.1. Introduction
This research line has had four main objectives:
 Development of pulse height analysis (PHA) X-ray
diagnostics for a horizontal and a vertical TCV ports;
 Development of a rotating crystal spectrometer;
 Transformation of the vertical PHA diagnostic into a
real-time tool for plasma control;
 Development of plasma physics studies based on the
experimental data provided by these diagnostics.

Figure 7.1 – Electron temperature measurement employing a
Maxwellian model.

7.2.2. Horizontal PHA diagnostic
The Portuguese team guaranteed the operation and
scientific exploitation of the horizontal PHA diagnostic for
the study of impurity injection particle confinement and
plasma heating scenarios.
Electron temperatures (Figure 7.1) and impurity
identification (Figure 7.2) have been measured with countrates of ~65 kHz, 190 eV energy resolution for 5.9 keV and
a temporal resolution of 100 ms minimum, software
selectable. Diverse electron energy distributions were once
again observed during strong ECR heating and ECCD.
Most situations were once again treated by employing the
Maxwellian model, others by a bi-Maxwellian model but in
the cases of strong non-Maxwellian response to ECRH,
data fitting based on the Maxwellian distribution continues
leading to values without physical meaning. The
determination of the physical processes behind such
behaviour in order to provide a qualitative interpretation of
the experimental results is one of the issues of our current
research. Another issue is to increase the PHA system
throughput and the processing speed while keeping the pileup inspection and handling, and the energy resolution
within acceptable spectroscopic values, aiming at reducing
the statistical uncertainties associated to the higher energy
photons when time resolved observations are concerned,
and also further increase the temporal resolution in order to
access the effects of phenomena of shorter duration. The
technical and scientific results obtained with such a system

Figure 7.2 – Impurity detection and identification during very
strong ECR heating, reveals erosion from plasma vessel walls.

7.2.3. Vertical PHA diagnostic
The vertical PHA diagnostic was the result of the
horizontal PHA benchmarking. It is a modern upgrade of
the classical PHA diagnostics and it is already under
commissioning on TCV permitting the spectral
measurements with a regulated flux by employing a realtime feed-back controlled slit.
During 2006 the main work consisted in testing the
hardware and the graphical interface software of the PHA
feedback remote control based on a modern version of
Multichannel Analysers. The graphical interface was

1
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developed aiming at control and monitor in remote mode
the most important parameters of the diagnostic. New
features have been added which have permitted to diagnose
the feedback circuit response, point by point, leading to an
accurate regulation of the sensor and actuation parameters
(Figure 7.3). The feed-back control performance and
parameters have been determined by analysing the response
of the system to moderate heating operation scenarios and
then during extreme situations of very high, variable

factor of 3 in the achievements of our previous PHA
system and of known present day single line signal
processing chain PHA diagnostics. It has deep
implications in the possibility of further improving the
temporal resolution (50 ms) while further reducing the
statistical error associated to the electron temperature
measurements; the separation of line radiation from the
background, follow their dynamics in time and
determination their concentration in the plasma is another
important feature. These procedures are expected: (i) to
increase the diagnostic sensitivity to plasma phenomena
that occur in smaller time intervals; and (ii) to develop a
known reliable means of validation of the results that will
be obtained with the DSP board.

Figure 7.4 - Spectra obtained with a good regulation of the
feedback circuit (200 kHz throughput, 100 ms temporal
resolution), where it is possible to observe impurities and both
Maxwellian and non-Maxwellian behaviour during the same
plasma discharge.

Figure 7.3 - Electric signals readings from 7 points in the
feedback circuit: A- MCA3 TTL output; B- Feedback response as
a function of input A; C- feed-back on-off. The first sequence is an
example of a bad regulation of the feedback circuit and the second
shows a fairly good regulation.

radiation fluxes during the same plasma discharge, caused
by intense ECH and ECCD heating. The optimal regulation
of the feedback parameters permitted to achieve a
throughput of 200 kHz (pileup free), and keep this value
constant during all scenarios of plasma discharges (Figures
7.4 and 7.5). The value achieved represents an increase of a

Figure 7.5 – Evolution of the electron temperature.
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7.3.2. Main activities in 2006
In the beginning of 2006 the implementation and test of
the programme of the new CPLD that controls the
DMBUS were done and the data transfer in the DMBUS
was optimized. Some digital processing algorithms that
have been asked by the TCV control team were
implemented and tested, namely the IIR, PI, PD and PID
algorithms.
During 2006 there were three joint CFN/CRPP
working meetings in Portugal. The first one, held in May,
was dedicated to the discussion of some new APCS
specifications and of the integration of this digital system
in the TCV control system and database, through an
MDSplus tree to be developed by CFN. The second
meeting was held in July, aiming at checking the
implementation of the new agreed features and verifying
the system functionality with a simulation of the control
procedures for a TCV discharge. The third meeting, held
in November, was dedicated to test the APCS
performance during a simulated demonstration using
digital control algorithms provided by the TCV control
team. The obtained results for the total time of datamover
algorithms were 13 µs for the slow control cycle
(datamover of 64 data channels) and 1.2 µs for the fast
control cycle (datamover of 8 data channels).
By the end of November, the Portuguese team went to
Lausanne to start the full integration of the APCS in the
TCV control system (Figure 7.7). During three weeks
several tests were made before the final connection to the
TCV control system, namely the APCS functionality,
performance and automatic calibration, the electrical
compatibility between the two systems and the APCS
interfaces with the TCV timing system and the main
database.

7.2.4. Rotating crystal spectrometer
The laboratorial tests and the manufacturing of components
in the CRPP Workshops have proceeded in 2006.
7.3. ADVANCED PLASMA CONTROL SYSTEM
7.3.1. Introduction
The Advanced Plasma Control System (APCS) is a
dedicated real-time control and data acquisition system
based on an in-house developed VME intelligent module
(IM) (Figure 7.6), with parallel processing capabilities
provided by four synchronized floating point operation
TMS320C44 Digital Signal Processors (DSP). A custom
made DataMover Bus (DMBUS) inserted behind the P2
VME connector enables the DSP in a module to broadcast
data in every control cycle to every other DSPs in all
modules in the same VME crate. A XIO board was also
developed to bring from DMBUS board to the front panel
of the crate digital input and output signals for external and
internal synchronization of the DSPs and monitoring of
plasma control process status.

Figure 7.6 - APCS system topology

The APCS operation is divided into two control cycles:
slow and fast control cycles.
The slow control cycle comprises 32 APC channels, 64
elements of the DataChannels structure, and several digital
input and output signals. The 32 APC channels are
allocated in 8 VME intelligent modules interconnected
through the DMBUS. This control cycle is used for the
ECH power and launching, the plasma shape and current,
and the gas injection. The digital control algorithms that
perform the feedback and feed forward control are IIR
(PID), FIR, IIR + non linear, tracking and custom made.
The fast control cycle is performed by 4 APC channels
all together in only one VME intelligent module. It is used
for the control the plasma vertical position.

Figure 7.7 - TCV APCS system in the TCV control system
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8. COLLABORATION WITH THE ASSOCIATION EURATOM/CEA1,2

J.P. Bizarro (Head), M.E.Manso and R.V. Mendes (Deputy Heads), F. Silva, J. H. Belo, J. Ferreira, P. Rodrigues.

8.1. INTRODUCTION
This collaboration included in 2006 three research lines:
• Modelling of reflectometry experiments;
• Lower hybrid current drive;
• Mathematical problems of plasma physics.

able to localize a thin shear layer and to give the velocity
range within that layer providing that the plasma is in a
quasi-steady state during the measurements of the
frequency spectra at different probing frequencies.

8.2.
MODELLING
OF
REFLECTOMETRY
EXPERIMENTS3
8.2.1. Introduction
Modeling of reflectometry experimental taking into account
realistic plasma geometry and plasma turbulence is
essential to extrapolate the different reflectometry
techniques to ITER. Therefore, in parallel with the
advances of the reflectometry measurements, numerical
codes are being developed in collaboration with Nancy
University. The main focus in 2006 was to simulate
experiments with Doppler reflectometry technique, which is
foreseen to be used on ITER to study plasma rotation
profile.
Figure 8.1 - Averaged spectra of returned signals probed at 15
degrees with a transport barrier shear layer.

8.2.2. Studies on O-mode reflectometry spectra
simulations with velocity shear layer
A 2D FDTD full-wave code was developed that was
adapted to Doppler reflectometry experiments. Comparison
with experiments is foreseen to made on several machines,
namely ASDEX Upgrade, JET and Tore Supra. The
simulations showed that it is possible to localize thin shear
plasma layers using Doppler reflectometry from the
changes in the frequency spectrum of the backscattered
signal. The precise radial resolution depends, however, on
the plasma curvature, which modifies the effective radiation
pattern of the probing wave by widening it as a function of
the beam width at constant curvature. Also as the cut-off
positions are changed with the probing frequency, a
correction on the probing angle has to be included to take
into account the curvature effects. However as we consider
a thin velocity shear layer (Figure 8.1), this correction
should be negligible except for the case where the probing
is tangent to the cut-off layer. The velocity range can be
obtained from the wings of the frequency spectrum. The
effective probing divergence must be accounted for in order
estimate correctly the poloidal velocity range. In a velocity
shear profile, such as observed in Tore Supra (step-shear,
Figure 8.2), the frequency spectrum exhibits two peaks, the
first associated to the negative constant velocity part of the
velocity profile, and after a transient region a second one,
corresponding to the positive constant velocity part of the
velocity profile. Simulations performed with different thin
velocity shear profiles, show that Doppler reflectometry is

Figure 8.2 - Averaged spectra of returned signals probed at 15
degrees with a step shear layer.

8.3. LOWER HYBRID CURRENT DRIVE4
Studies on both the coupling and the thermal properties of
Tore Supra’s C3 Lower Hybrid (LH) launcher were
carried out in collaboration with CEA-Cadarache, in an
attempt to understand its behaviour and some of its
unexpected (thermal as well as coupling) attributes, by
comparing experimentally derived data with theoretical
simulations. These included full RF modelling of each of
its 16 modules (using HFSS, Figure 8.3), with the
corresponding coupling properties being determined with

1
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recourse to two coupling codes, SWAN and the more
elaborate (and recent) ALOHA, and serving, in addition,
the extra objective of comparing the achievements of these
two coupling codes (Figure 8.4).

theoretical simulations that, among other heat sources,
included modelling of the RF losses (again with HFSS).
The first complete RF modelling of Tore Supra’s C4
LH launcher – a device based on the PAM concept
proposed by Philippe Bibet – comprising every one of its
16 modules, each filled with a battery of bi-junctions
having different and purposely designed phase shifters,
and including the toroidal as well as the poloidal shape of
the mouth, was performed and the respective scattering
matrices obtained (along with other parameters). Its more
immediate objectives are the validation of the various
antenna prototype modules (currently beginning a fullswing prototyping/construction phase) via comparison
between the theoretical modelling on the one hand, and
experimental low power measurements on dummy loads,
on the other. A medium term objective is to perform a
study similar to the one referred above for the C3
launcher.

Figure 8.3 - Total electric field amplitude inside a module of the
C3 LH launcher modelled with HFSS.

8.4. MATHEMATICAL PROBLEMS OF PLASMA
PHYSICS5
8.4.1. Introduction
This research line included in 2006 studies on the
gyrokinetics formulation of Maxwel-Vlasov equations,
stochastic representations for the solutions of kinetic
equations, fluctuations and control in the Vlasov-Poisson
equation, deterministic Bak-Sneppen model: Lyapunov
spectrum and avalanches as return times, network
dynamics, the dynamical nature of backlash systems and
random sampling in chirp space.
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8.4.2. The gyrokinetics formulation of Maxwel-Vlasov
equations
The gyrokinetics formulation of the Maxwel-Vlasov
equations provides a separation of time scales in the
dynamical behaviour of fusion plasmas which simplifies
the numerical codes and provides a better understanding
of turbulence and transport problems. In the past,
gyrokinetics has been formulated as a time-average or as
the asymptotic elimination of the gyroangle-dependence
by Lie-transform perturbation theory.
The purpose of this activity was to establish the
conditions under which gyrokinetics might be treated as
an exact reduction in the framework of the (MarsdenWeinstein) reduction of dynamical systems with
symmetry.
An invariant, exact to all orders in the field
derivatives, has been constructed which provides a
constant of motion to implement the exact reduction. The
first results are contained in the publication 1. This work
concentrates now on the establishment of an appropriate
set of coordinates, in the reduced space, to be used in the
gyrokinetics Vlasov equation.
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Figure 8.4 - Experimental and theoretical (from ALOHA and
SWAN) power coupling coefficients (amplitude and phase) for the
C3 upper modules, (shot no.32294 with ne /∇ ne =0.4 and 1.0cm).

In another research line, which focussed only on
thermal aspects of the C3 launcher, other discrepancies of
its thermal behaviour were investigated, again with
recourse to comparisons of thermal measurements with
5

Work carried out in collaboration with the Centre de Physique Théorique (CPT) (CNRS-Marseille) and Départment de Recherche sur la Fusion
Contrôlée (DRFC) Cadarache. Contact Person: Philippe Ghendrih.

44

8.4.6. Network dynamics
General tools and ergodic parameters to study network
dynamics and applications to networks of biological
relevance have been developed.

8.4.3. Stochastic representations for the solutions of
kinetic equations
Stochastic representations of nonlinear equations are useful
because they:
(i) Provide an intuitive characterization of the equation
solutions;
(ii) Provide an intrinsic characterization of the
fluctuations;
(iii) Are a basis for the development of numerical codes.
A stochastic representation for the 3-dimensional
Vlasov-Poisson equation with one particle species in a
background has been obtained. The results are now being
generalized to an arbitrary number of particle species and
used to write a probability-based numerical code.

8.4.7. The dynamical nature of backlash systems
The dynamics of a simple system with backlash and
impacts was studied. Both the presence or the absence of
fluid friction was considered. The fluid friction is
modelled by a fractional derivative, but it was also shown
how an inhomogeneous time scale, although not arising
from a fractional differential equation, may lead to some
features similar to fractional solutions.
8.4.8. Random sampling in chirp space
For the space of functions that can be approximated by
linear chirps, a reconstruction theorem by random
sampling at arbitrary rates was proved.

8.4.4. Fluctuations and control in the Vlasov-Poisson
equation
The fluctuation spectrum of a linearized Vlasov-Poisson
equation in the presence of a small external electric field
was studied. Conditions for the control of the linear
fluctuations by the external electric field were established.
8.4.5. Deterministic Bak-Sneppen model: Lyapunov
spectrum and avalanches as return times
A deterministic version of the Bak-Sneppen model was
studied. The role of the Lyapunov spectrum in the onset of
scale-free behaviour was established, as well as the
measure-theoretic nature of the Bak-Sneppen self-organized
state. Avalanches were interpreted as return times to a small
measure set and the problem of accurate determination of
the scaling exponents near the critical barrier was
addressed.
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9. OTHER THEORY AND MODELLING STUDIES1

F. Serra (Head), J.P. Bizarro (Deputy Head), R.Coelho, J. Ferreira, F. Nave, P. Rodrigues.

solution requires them to be continuous, at the poloidalfield reversal layer, up to the (n+1)th-order derivative.
However, profiles with infinitely continuous derivatives

9.1. INTRODUCTION
This project included in 2006 two research lines:
• Studies on the physics of neo-classical tearing mode
triggering;
• Modelling of Grad-Shafranov equilibria in tokamak
plasmas.
9.2. STUDIES ON THE PHYSICS OF NEOCLASSICAL
TEARING
MODE
(NTM)
TRIGGERING
The problem of non-linear classical tearing mode growth at
the limiting scenario of a marginal unstable mode was
revisited Conventional tearing mode theories predict that a
particular mode unstable whenever its’ stability parameter
(∆′) becomes positive. For low temperature plasmas, where
the common instability drive comes from the equilibrium
plasma current density, the regime ∆′a~1 was investigated.
Through a numerical approach using reduced MHD
simulations in cylindrical geometry, the existence of
saturated states for such limiting scenarios and for a
particular type of magnetic equilibrium was shown to
depend on the operational regime (resistive and viscous
time scales) and on the value of ∆′. In contrast with
conventional theory that predicts a steady state island, with
a width roughly proportional to ∆′, no steady state solution
is obtained for plasmas with Prandt number (ratio of
resistive to viscous time scales) and magnetic Reynolds
number (ratio of resistive to ideal MHD time scales) below
a particular threshold (Figure 8.1).
Non-linear inertial v ⋅ ∇v forces, conventionally
neglected when compared to J×Β forces, were shown to be
behind such a behaviour [1]. This bears direct consequences
for NTM triggering since it might impose, depending on the
viscous/resistive regime, a threshold on the ∆’ that is
necessary for mode destabilisation, rendering necessary a
seeding island/forced reconnection event even for ∆′>0.

~ ( x ) | from a m=2,n=1
Figure 9.1 – Time evolution of | ψ
( 2 ,1)
s
tearing mode with q0=0.95 (left panel) and q0=1.06 (left panel)
for parabolic q-profile with qedge=4, S=8×105 and Γ=τR/τV=10-4

should be avoided, as they would lead to stiff plasma
pressure and toroidal current density distributions, with
which realistic cases cannot be modeled.
For some extreme-reversed shear discharges, the ratio
Bp/Bt between the poloidal and toroidal fields obtained
from motional Stark effect (MSE) measurements displays
significant relative errors inside the current-hole, with the
error bar spanning from small positive values into small

9.3.
MODELLING
OF
GRAD-SHAFRANOV
EQUILIBRIA IN TOKAMAK PLASMAS
In order to apply the recently developed formalism for
equilibria reconstruction in toroidal-current reversed
scenarios to available experimental data, a few
enhancements had to be made in the way that zeroth-order
input profiles are given. Namely, it was found that a nthorder (in the inverse aspect ratio) accurate equilibrium
1

Activities carried out in the frame of the Contract of Association EURATOM/IST and the Contract of Associated Laboratory.
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negative ones. Therefore, such uncertainty does not exclude
(at least by itself) magnetic equilibria with toroidal-current
reversal, some of which were computed using input profiles
and boundary conditions constrained by available
experimental data from current-hole discharges in the JT60U tokamak2. Plasma pressure and MSE data are fairly fitted
(Figure 9.2) and the flux-surface topology depicts the
expected system of axisymmetric islands (Figure 9.3).
These results may help to understand the physics behind
some current-hole configurations, in particular their
reported resilience against MHD instabilities and current
driving, both in co-current and counter-current directions.

Figure 9.3 - Contour levels of the poloidal-flux function (solid
lines) and the external separatrix (dotted line).

Figure 9.2 - Third-order ratio Bp/Bt (solid line, left panel) and
plasma pressure p (solid line, right panel). MSE measurements
(crosses, left pannel) and pressure data (dotted line, right pannel).

2

Shot E36639, Phys. Rev. Lett 87, 245001 (2001).
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10. KEEP-IN-TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY1

J. T. Mendonça, (Head), J. Davies, J. M. Dias, M. Fajardo, G. Figueira, R. Fonseca, A. Guerreiro, C. Leitão, N. Lopes, A.M.
Martins, D. Resendes, J.A. Rodrigues, L.O. Silva

10.1. INTRODUCTION
The keep-in-touch activities in inertial fusion energy (IFE)
dealt with some of the critical problems facing the new
developments in IFE, in particular the issues associated
with fast ignition of fusion targets and laser development
for fast ignition. The highlights of research associated with
IFE in 2006 are:
• Laser-solid interactions and fast ignition, including
numerical modeling and laser solid experiments
directly relevant for fast ignition
• High power laser research and operation, focusing on
the OPCPA concept, novel laser diagnostics and new
materials for ultra high intensity photonics

10.2.2 Modeling of Fast Ignition
The hybrid code is being developed so that it can be used
to model fast ignition. Thermal conduction has been added,
including Bohm and Braginskii type magnetic inhibition of
the heat flow as options. A new, more efficient algorithm
for magnetic diffusion that can be implemented in parallel
is being developed. Along side work on the hybrid code,
development of a hydrocode has started, with a view to
carrying out simple ignition and compression calculations,
and of including ion hydrodynamics in the hybrid code.

a)

10.2. LASER-SOLID INTERACTIONS AND FAST
IGNITION2
10.2.1 Modeling of Electron Transport in Laser-Solid
Interactions
The work on electron beam hollowing in solid targets and
on magnetic field generation and surface heating in layered
targets, reported in 2005, was completed and published.
Work has now begun on modeling more than 2 years worth
of data on optical emission from the back of solid targets,
obtained using a novel streak camera diagnostic that gives
both temporal and spatial resolution. The second harmonic
emission is filtered out so that the emission gives a
measure of the temperature of the target surface. The data
show a rapid fall in peak temperature for target thickness
up to 50 microns, and a much slower fall thereafter. Initial
hybrid code modeling reproduced this striking feature of
the data, indicating that the key to this phenomenon is
electron refluxing. In thin targets the electrons bounce
repeatedly between the front and back surfaces leading to
roughly uniform heating, therefore the temperature falls
with target thickness since a larger volume is being heated.
However, beyond a certain thickness a significant
magnetic field is generated at the front of the target before
electrons return from the back surface, and this magnetic
field deflects the returning electrons outwards so that they
no longer increase the heating. This work will be prepared
for publication in 2007.

b)

Figure 10.1 – a) Spatially and temporally resolved optical streak
camera diagnostic and an example of the reconstructed output.
Peak target temperature determined from the peak emission
intensity compared to preliminary hybrid code modeling. b)
Energies refer to laser energy on target and the symbols indicate
the target material or materials for layered targets.

1
Activities carried out by “Grupo de Lasers e Plasmas” (Golp) of “Centro de Física dos Plasmas”, in the frame of the Contract of Association
EURATOM/IST and the Contract of Associated Laboratory.
2

Work performed in collaboration with P.A. Norreys (RAL, UK), Motoaki Nakatsutsumi (Osaka, Japan).
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A new diode-pumped regenerative laser amplifier
based on Yb:glass and Yb:CaF2 was installed at L2I. For
this task, emerging techniques and materials were applied
for the first time at this facility and at the national level.
The laser active materials were provided by IOQ-Jena: a
12 mm diameter, 12 mm thick sample of Yd:glass and a 14
mm diameter, 6 mm thick sample of Yb:CaF2. A 5 J
output power, 3 ms duration diode stack was used as pump
source, focused to a 2 mm spot size on the material.
Thermal lens stabilization measurements during warm-up
were made by reflecting a probe beam off the surface of
the pumped medium through a fixed small aperture and
into a photodiode, where the intensity was monitored. With
this setup, we were able to conclude that the maximum
pump repetition rate without thermal lens accumulation
between pump cycles is 0.2 Hz for Yb:glass and 4 Hz for
Yb:CaF2. This result is consistent with the different
magnitudes of their thermal conductivities (0.9 and 9
respectively).
In experimental optical parametric chirped pulse
ampliification we successfully achieved a gain of 104 in a
single pass through a 20 mm long nonlinear crystal. Two
of these stages in series could, in terms of energy, replace
our current regenerative amplifier and outrun it in
bandwidth. However, we will not do it because the cost of
upgrading the pump laser for this task would by far exceed
the benefits. The OPCPA technique will instead find its
place at L2I in alternative amplifying stages supported by
laser pumps currently under development. Broadband
amplification was also observed using a dispersed signal
beam geometry, limited only by the spectral window of the
optics and the CCD camera.
On the diagnostics side, GoLP designed and assembled
a radial shearing interferometer for the wavefront
characterization of the compressed pulses. We have also
developed the spectral phase interference for direct electric
field reconstruction (SPIDER) technique by incorporating
the influence of strong initial linear chirps. The validity of
this approach has been experimentally verified by
characterizing the quadratic spectral phase of strongly
chirped pulses. These were generated at the output of the
L2I laser system, by changing the distance between the
compressor grating pair away from optimum, where the
duration (and hence the chirp) would be minimum. The
results show that the direct SPIDER reading only provides
correct results for pulses with negligible chirp and diverges
quickly as it increases, whereas the corrected reading
follows the theoretical predictions.

10.2.3 Laser-Solid Experiments for Fast Ignition
Studies
Current understanding is that a fast ignitor laser beam
should have pulse duration of 10 to 20 picoseconds, spot
radius of 10 to 20 microns and intensity times wavelength
squared (Iλ2) not much greater than 0.4 TW. There exists a
lot of experimental data for such values of Iλ2, but it was
obtained using picosecond or shorter pulses and spot radii
of a few microns, therefore, at the Lisbon HiPER meeting,
GoLP suggested using the Vulcan PetaWatt laser with
either a longer pulse duration or a larger focal spot, since it
can obtain the required Iλ2 under these conditions. This
suggestion was turned into a proposal that was accepted,
and the experiment was carried out in November and
December, with the participation of 3 investigators from
GoLP, along with teams from the UK, the USA and Japan.
Data from this experiment will be used to test the
integrated modeling that will be needed for the HiPER
project. Further experimental proposals have been
prepared and will be submitted in 2007 and
complementary experiments will be carried out at L2I.
10.3. HIGH POWER LASER RESEARCH AND
OPERATION3
In order to optimize the main L2I laser focus, GoLP
designed a mirror mount with a single actuator for
producing the desired deformation in a 75 mm diameter
mirror, which can be adapted to conventional similar sized
mirror mounts. The force is applied along one axis at ±35
mm, and along the orthogonal axis at a user-defined range
of positions from ±10 to ±30 mm. Using a commercial 12
mm thick BK7 mirror, the deformable mirror performance
was evaluated in a HeNe-based Michelson interferometer,
which corroborated the results of the analytical and FEA
models. Based on this study, the mirror was then integrated
in the laser chain, specifically as the retro-reflecting mirror
for double-passing the 45 mm diameter Nd:glass amplifier,
this being the zero-degree mirror closest to the compressor.
The results show that the astigmatism was eliminated to
below a fraction of a wavelength (Figure 10.2).

Figure 10.2 – Image of focal spot after correction with
deformable mirror.
3

Work made in collaboration with Chris Burrows (Strathclyde University, UK) and Joachim Hein (Institüt für Quantenelektronik, Jena, Germany).
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11. PARTICIPATION IN THE FUSION TECHNOLOGY PROGRAMME1

C. Varandas (Head), E. Alves, A. Paúl, L.C. Alves, M.R. da Silva, N. Franco

11.1. INTRODUCTION
The Portuguese participation in the Fusion Technology
Program included in 2006 activities in the frame of
Underlying Technology and of the Tasks referred to in
Table 11.1. The main areas of work were Physics
Integration (Diagnostics and Plasma-Wall Interaction),
Structural Materials and Design Support & Procurement
(Quality Assurance).
Task
TW5-TPDS-DIARFA
TW5-TTMS-006
TW6-TPP-ERDEP
TW6-TDS-QA2
TW6-TPDS-DIADES

on the analysis being performed in the Ti rich or in the Ti
depleted regions. In the Be rich zones, the oxidation is
higher. However what can now be clearly noticed is that
in the Ti rich zones, the surface oxidation is not due to Ti
oxidation.

Area
Physics Integration
Structural Materials
Physics Integration
Design Support &
Procurement
Physics Integration
Ti (virgin)

Table 11.1 – IST Tasks in the Fusion Technology Programme

The activities carried out in the frame of ITER-related
tasks are described in chapter IV.

11.2. MATERIAL CHARACTERIZATION USING
NUCLEAR TECHNIQUES: TITANIUM BERYLLIDE
OXIDATION STUDIES2
A detailed study of the oxidation mechanism of titanium
beryllides using nuclear microscopy and X-ray diffraction
techniques was performed. The surface of each of the
samples was polished and the oxidation was accomplished
by annealing at 800º C in air atmosphere.
Rutherford Backscattering Spectrometry (RBS) and
particle Induced X-Ray Emission (PIXE) techniques were
used with H+ and He+ microbeams (~3 µm) in order to
access changes in surface topography and monitor the oxide
layer formation.
The elemental distribution maps of Ti in the Be 5at%Ti
sample before and after the annealing steps are shown in
Figure 11.1 and no evident change in the surface
topography can be noticed. On the other hand, the RBS
spectra presented in Figure 11.2 show that there is a strong
surface oxidation with different characteristics depending

Ti (2h)

Ti (2h+2h)
Figure 11.1 – Ti elemental map distribution of sample Be
5at%Ti before and after the annealing procedures described in
the text. The maps have dimensions of 530x530 µm2.

1

Activities carried out in the frame of the Contract of Association EURATOM/IST.

2

Work performed by staff of “Instituto Tecnológico e Nuclear”, in the frame of Underlying Technology.
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Be5Ti
Be7Ti

In fact, the Ti is not present in the material surface, what
means that a Be diffusion to the sample surface has
occurred followed by a Be oxidation. It is worth noticing
that the second 2h annealing did not change considerably
the extent or the composition of the oxide layer. A similar
result was found for the Be-7at%Ti samples.
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Figure 11.3 - X-ray diffraction spectra for the two beryllide
samples.

Ti
60
40

11.3. TW5-TTMS-006: HIGH PERFORMANCE
STEELS DELIVERABLE D2: CHARACTERIZATION OF REFERENCE EU ODS-EUROFER
BATCH3.
Small pieces were cut from the as received material and
analysed by means of SEM, TEM, XRD and nuclear
microprobe techniques in order to detect changes in the
microstructure. Nuclear microprobe analytical techniques
were used for the elemental characterisation of ODS steel
samples.The main goal was to ascertain if the
inhomogeneity of yttria distribution, that was found in
previous analysis of other batches of ODS steels, could
again be established. The elemental distribution maps of
Cr, Fe, W and Y for each of the samples were measured
and shown in Figure 11.4 for the 6.3 mm plate and 12.5
mm rod.
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Figure 11.2 – RBS spectra obtained from the Be 5at% Ti sample
before and after the annealing steps in the Ti rich phase (left) and
in the Ti depleted region (right). In the graphs are marked the
surface positions of Be, O and Ti.

X-ray diffraction measurements confirm the existence
of a BeO phase as can be inferred from the graph in Figure
11.3. The samples were measured in θ-2θ geometry using
the Cu Kα1,2 lines with a 40 kV 100 mA collimated Göbel
mirror with a 0.3 mm divergent slit, 0.3 mm receiving slit
and (002) Graphite analyzer. Data was collected with a
2Theta step of 0.1º for 45 s per step.
The Be12Ti phase is present in both compounds and the
Be10Ti phase is clearly visible on compound Be7Ti and is
responsible for the ~30.5º and some of the 37->40 peaks.
The BeO phase is mostly observed on Be5Ti sample.
But we must see these results with some precaution because
the samples have some texture structure, which is the
reason for some missing peaks of the identified phases. The
peaks intensities between samples can not be compared due
to the different sample sizes and/or texture structure.

3

Work made by “Instituto Tecnológico e Nuclear”.

Cr

Fe

W

Y

Figure 11.4 – Cr, Fe, W and Y distribution maps obtained for
the “Plate 6.3 mm” (top) and “rod Φ 12.5 mm” samples, during
a 264x264 µm2 scan.

The maps show that, within the beam spatial
resolution (~3x4 µm2), all the elements are
homogeneously distributed. Some small elemental
contrast observed for the “Plate 26.3 mm” sample (not
shown), was investigated using a smaller beam scan and
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higher counting statististics that allowed determining a
good degree of homogeneity.
In-situ X-ray diffraction measurements show a ferriteaustenite transition during the heating starting at 790 ºC.
The transition is fully completed at 880º C for the rods,
(Figure 11.5). As soon as the cooling starts the phase
transition to ferrite appears. For the plates the ferriteaustenite transition was found to happen above 880 oC. The
results put in evidence the influence of the microstructure
on phase transition temperature.
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810 ºC
880 ºC

Intensity u.a.

300
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0
42,5
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Figure 11.5 - In-situ X-ray diffraction spectrum showing the
ferrite (44.25o peak) to austenite (~ 43o peak) transition.
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12. OTHER FUSION-RELATED ACTIVITIES1

at 2 MB/s). Each 8-channel module includes a DSP and
an FPGA for real-time signal processing.

12.1. INTRODUCTION
This section describes other fusion-related activities
carried out in 2006 and related with:
• Data acquisition systems for CASTOR2 and ETE3;
• Microwave reflectometry on TCA/Br4;
• A Thomson scattering diagnostic for TCA/Br;
• Collaboration with the Czech EURATOM
Association;
• Participation in the management of the Fusion
Programmes;
• Participation in scientific meetings;
• Collaboration with Universities;
• Public information.

12.2.3. Hardware supplied to CASTOR
The hardware produced for CASTOR was a 64-channel
version of the PCI-based data acquisition system
supplied to ETE, but with two additional timing modules,
having a resolution of 100 ns and 1 ns accuracy,
providing eight 2.5 Gbit/s optical channels, 5 timing and
event transport interfaces and 8 input/output digital
channels.
12.2.4. Tests and results
The two systems were tested and assessed locally and
have proved to be working according to the
specifications. Furthermore, and complementing the
original project plan, the on-site instrumentation was
integrated on the new system confirming the capability of
FireSignal to provide an integrated environment where
the hardware and software of different “vendors” can
coexist. Both tokamaks are currently being regularly
operated with the installed platform.

12.2. DATA ACQUISITION SYSTEMS FOR
CASTOR AND ETE5
12.2.1. Introduction
IST/CFN has developed data acquisition systems for the
CASTOR and ETE tokamaks. In 2006, the following
main activities have been performed:
 Installation of FireSignal as the main control and data
acquisition software for tokamak operation. As
FireSignal is a very generic solution, it is independent
of databases, security protocols and hardware
controllers, providing at the same time, solutions for
modern data acquisition paradigms like data driven
events and multi-frequency signals. FireSignal is
being used to control all the different types of
hardware devices used in the CASTOR and ETE
diagnostics.
 Implementation of the server units and nodes to
handle the supplied hardware;
 Supply of fast data acquisition systems (2Msample/s,
8 isolated channels PCI boards);
 Integration of a generic connector for data access
(SDAS Client Libraries in C++, MATLAB and IDL);
 Creation of drivers to include old instrumentation and
old fashion acquisition boards on the main system;
 Training of personnel for the correct operation of the
system.

12.3. MICROWAVE REFLECTOMETRY FOR
TCA/Br6
CFN is developing a reflectometer system for the
TCA/Br tokamak to study plasma density profiles and
modes/turbulence, in particular Alfven modes. The
system will probe the TCA/Br plasma with K and Ka
frequency bands [18 – 40 GHz] using both ordinary (O)
and extraordinary (X) modes of propagation, in order to
cover most scenarios of operation. The system
configuration is indicated in Figure 12.1. A unique
generator will be employed for the two bands, HTO in
the band 8.4 a 13.5 GHz, using active frequency
multipliers. A bi-static configuration will be employed
with different antennas for emission and reception and a
delay line to compensate phase. One key item is the
antenna that will have to launch both O and X waves.
During 2006 the following actions were performed:
 Design of the diagnostic;
 Selection of all the system components;
 Test of the hardware solution for mixing the signals
from two bands using a K band directional coupler;
 Design of the conical antenna with a 23 dB directivity
(Figure 12.2);
 Simulation of the antenna performance with an HFSS
simulator;

12.2.2. Hardware supplied to ETE
The hardware developed and manufactured for ETE was
a complete PCI-based data acquisition system with 72
differential, galvanic isolated channels, 14-bit resolution,
simultaneous sampling rate of 2 MSample/s/channel and
32 MByte/channel of memory (8 seconds of acquisition

1

Activities carried out in the frame of the Contract of Association EURATOM/IST and the Contract of Associated Laboratory.
CASTOR is a tokamak of the Association EURATOM/IPP.CR.
ETE is a tokamak of the “Laboratório Associado de Plasmas” of the “Instituto Nacional de Pesquisas Espaciais”, São José dos Campos, Brazil.
4
TCA/Br ia a tokamak of the “Laboratório de Plasmas” of the “Instituto de Física” of the University of São Paulo, Brazil.
5
Work carried out in collaboration with the CASTOR and ETE Teams. Contact Persons: M- Horn (CASTOR) and J. Ferreira (ETE).
6
Work performed in collaboration with the TCA/Br Team. Contact Person: Juan I. Elizondo.
2
3
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Figure 12.1 – Schematic configuration of the reflectometer system for TCA/Br

Figura 12.2 – Design of the emitting/receiving antennas

 Construction of the ramp generator;
 Design of the circuits for the detection amplifiers
(already sent for fabrication);
 Procurement of the equipment (in collaboration with
the TCBA/Br team);
 Purchase of the equipment (ongoing activity with
some delays);
 Discussion of the data acquisition system (on going
activity) based on a CFN board or a Gage/other
commercial solution.

7

12.4. THOMSON SCATTERING DIAGNOSTIC
FOR TCA/Br7
IST/CFN is participating in the development of a
Thomson Scattering diagnostic for the TCA/Br tokamak,
based on hardware previously used on ISTTOK.
The following activities were performed in 2006:
 Participation in the conceptual study and design of
the diagnostic;
 Transport to São Paulo of the ISTTOK Nd:YAG
laser.

Work carried out in collaboration with the TCA/Br Team. Contact Person: L. Berni.
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12.5.
COLLABORATION
WITH
THE
ASSOCIATION EURATOM/IPP.CR
Besides the participation in the CASTOR programme,
the Portuguese and the Czech EURATOM Associations
signed in 2006 an agreement on cooperation framing the
IST/CFN participation in the re-construction of the
COMPASS-D tokamak. This document foresees research
and development activities in the areas of microwave
reflectometry and control and data acquisition.
The following main activities have been made in
2006:
 Elaboration of the project plans;
 Beginning of the conceptual design of the
reflectometer as well as of the central control and data
acquisition system.



12.6. PARTICIPATION IN THE MANAGEMENT
OF FUSION PROGRAMMES
 Several members of the Association EURATOM/IST
have been involved in the management of the
EURATOM Fusion Programme (Table 12.1).
 Prof. Carlos Varandas is/was:
- Chairman of the EFDA Steering Committee;
- Member of the Steering Committees of the
Bilateral Agreements of EURATOM with Russia,
Japan and USA;
- Chairman of the Ad-Hoc Group on the new
European Fusion Development Agreement and
the Contracts of Association.
 Prof. Fernando Serra is/was a member of:
- The Ad-Hoc Group from STAC for the
Monitoring of W7-X Project;
- The ITPA (International Tokamak Physics
Activity) Topical Group on Diagnostics;
- The Ad-Hoc Group from STAC for the
COMPASS-D Project;
- The International Board of Advisories of the
COMPASS-D Project.
 Profª Maria Emília Manso was:
- Member of the Programme Committee of the
ASDEX-Upgrade Project;
- Chairperson of the International Advisory Board
on Reflectometry.






the RUSFD-2007 Local Organizing Committee and
the Coordinator of the Joint Experiment.
Three members of the CFN staff have been involved
in the organization of other scientific meetings:
- Jorge Sousa was member of the Programme
Committee of the “5th IAEA Technical Meeting
Control, Data Acquisition and Remote
Participation on Fusion Research, to be held in
June 2007 in Japan;
- Carlos Silva was member of the International
Advisory Committee of the “9th Workshop on
Electric Fields, Structures and Relaxation in
Plasmas”, held in Rome, in July 2006.
- Duarte Borba was member of the Programme
Committee of the “34th EPS Meeting, Warsaw,
Poland; 12th European Fusion Theory Conference;
10th IAEA TCM on Energetic Particles.
Several members of the CFN staff gave 9 invited
talks in scientific meetings.
Several members of the CFN staff gave 3 oral
presentations in scientific meetings.
Several members of the CFN staff gave 26 seminaries
abroad.
Members of the CFN staff presented in 2006 33
posters in international conferences.

12.8. COLLABORATION WITH UNIVERSITIES
 CFN has proceeded with the collaboration in
graduation
and
post-graduation
universitary
programmes:
- CFN has been responsible by experimental
teaching in tokamak physics and engineering;
- Seventh students have been performing Master
and Ph.D. programmes at CFN in fusion plasma
physics and engineering.
CFN has participated in the preparation of a proposal for
a Joint European Research Doctorate in Fusion Science
and Engineering.
12.9. PUBLIC INFORMATION
 CFN has proceeded with activities aiming at
increasing the public understanding on fusion energy:
- Fifteen seminaries have been given in secondary
schools;
- Prof. Carlos Varandas has participated in
television and radio programmes about the ITER
Project;
- Several articles have been published in Portuguese
newspapers with the direct or indirect
participation of members of the IST/CFN staff.
 CFN organized, in the frame of “Ciência Viva”, a
summer course for students of secondary schools on
“Física dos Plasmas e Fusão Nuclear” July 2006.

12.7.
PARTICIPATION
IN
SCIENTIFIC
MEETINGS
 CFN has
successfully discussed with the
International Atomic Energy Agency the possibility
to organize, in 2007 at IST, the “17th IAEA Technical
Meeting on Research Using Small Fusion Devices”
(RUSFD-2007) and the “Joint Experiment on
ISTTOK Host Laboratory Experiment”. Prof. Carlos
Varandas, Dr. Carlos Silva and Prof. Horácio
Fernandes are the Chairman of the RUSFD-2007
International Advisory Committee, the Chairman of
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Name
Carlos Varandas

Maria Emília Manso

Fernando Serra
J.P. Bizarro
Carlos Silva
J.T. Mendonça

Member of
CCE-FU
EFDA Steering Committee
GoC8
CFI9
STC10
CCE-FU
EFDA Steering Committee
EFDA Public Information Sub-Committee
STAC11
EFDA/PIG12
STAC
AFAC13
IFEC14

Table 12.1 – Participation of members of the Association EURATOM/IST on the management of the European Fusion Programme and of
the European Fusion Development Agreement

8

GoC means “Group of Chairmen”
CFI means “Committee Fusion Industry”
10
STC means “Scientific and Technical Committee”
11
STAC means “Scientific and Technical Advisory Committee”
12
PIG means “Public Information Group”
13
AFAC means “Administrative and Financial Advisory Committee”
14
IFEC means “Inertial Fusion Energy Committee”
9

58

13. PLASMA THEORY AND SIMULATIONS, AND FUNDAMENTAL PHYSICS1
L. O. Silva (Head), P. Abreu, O. Bertolami, B. Brandão, C. Carvalho, J. Davies, J. M. Dias, M. Fajardo, M. Fiore, F. Fiúza,
R. A. Fonseca, L. Gargaté, M. Marti, J. Martins, J. T. Mendonça, J. Páramos, F. Peano, G. Sorasio, J. Vieira

13.1. INTRODUCTION
The activities on plasma theory and simulations covered
fundamental and applied topics in laser-plasma
interactions, space plasma physics, plasma astrophysics,
massively parallel computing, scientific visualization, and
grid computing. A new activity was initiated in 2006, with
a strong theoretical focus, covering topics of fundamental
physics and physics in space. These two lines of research
are described in the next sections.
13.2. PLASMA SIMULATIONS AND THEORY2
The work in this field was developed along two main
directions: (i) development of infrastructures for massively
parallel simulations; and (ii) theoretical and numerical
exploration of extreme scenarios involving intense beams
(lasers/particles) in different background scenarios.
13.2.1. Massivelly parallel infrastructure for plasma
simulations
The development of the infrastructures for massively
parallel simulations was focused on code development and
code optimization in three massively parallel codes (osiris,
dHybrid, and quickPIC) including topics directly
associated with code performance and optimization for
massively parallel environments (new current deposition
scheme, dynamic load balancing, and higher order
interpolation schemes (Figure 13.1), stabilization
techniques for hybrid methods), new physics models
(relativistic collisions and ionization), and new diagnostics
(temperature module).
Further developments in scientific visualization of
large data sets were also obtained, including the
implementation of anaglyph views in the idl.zamb
visualization package (Figure 13.2). Furthermore, we have
explored the possibility to take advantage of the massive
computing power of graphics processor units (GPUs)
commonly available in desktop computers, to implement
standard plasma physics algorithms (such as the Boris
pusher).

Figure 13.1 - Simulations of the Three-Dimensional Weibel
Instability, using linear (above) and quadratic (low) interpolation

Figure 13.2 - Anaglyph view of a SMART-1 thruster plume.
1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST.
Work carried out in collaboration with J. Santos (Cambridge University, UK), R. Bingham (Rutherford Appleton Laboratory, UK), J. C. Adam (École
Polythecnique), J. Tonge, F. Tsung, C. Huang, W.Lu, M. Tzoufras, W. B. Mori (UCLA), J.M. Pereira (IST/INESC-ID), C. Ren (Rochester), Y. Glinec, J.
Faure, A. Lifshitz, V. Malka (LOA), A. C. Figueiredo, J. P. Bizarro (CFN) and D. A. Jaroszynski (UStrathclyde)
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unmagnetized artificial objects. A plasma cloud expands
into the solar wind, which creates a diamagnetic cavity and
drives the Interplanetary Magnetic Field out of the
expansion region (Figure 13.5). The dynamics of this
system can also provide insights into other similar
scenarios, such as the interaction of the solar wind with
unmagnetized planets. Other studies with dHybrid have
included simulations of coronal mass ejections. Our
simulations show the formation of Alfvèn like waves
upstream of the shock, in the solar wind, due to the quasiparallel flow. These waves form in both simulation
scenarios and are seen to interact with the coronal mass
ejection particles through wave-particle interaction,
accelerating them mainly in the perpendicular directions
through a surfatron like mechanism, but also in the shock
direction.

13.2.2 Extreme Plasma Physics: from relativistic
astrophysics to 1 GeV electrons in plasma channels
The outstanding computational resources have been
employed to study many scenarios and conditions where a
combination of theory and massively parallel simulations
are almost mandatory for the full understanding and
progress in the field. From a theoretical point of view, the
work was concentrated on white-light parametric
instabilities in plasmas, neutrino driven instabilities, and
physical problems in relativistic outflows. These problems
are mainly associated with relativistic astrophysics.
The interaction of ultra-intense laser beams with solids
was studied in the context of ion acceleration due to shock
acceleration, and high Mach number collisionless shocks.
Our results have demonstrated the possibility to drive very
high Mach number shocks in configurations where the
plasma components are allowed to have different
temperatures in the upstream and the downstream region of
the shock. Simulations to check the possibility to drive
these high Mach number shocks are further revealed the
most important mechanisms associated with ion
acceleration ( Figure 13.3).

Figure 13.4 - Beam electron density time evolution: preferential
formation of larger filaments in the collisional case

Figure 13.3 - Ion density as a function of the coordinates x1 and
x2. The target is composed of four layers of hydrogen plasma
with thicknesses, along the x1 direction, of 14 µm –14 µm –46 µm
– 10 µm, respectively, and densities 3–10–0–10 times the critical
density (~ 6 x 1020). The laser pulse hits the layer from the left
side with intensity 1021 W / cm2, the spot radius is 5 µm, the laser
power is 1 PW, and the laser pulse length is about 100 fs.

The possibility to model collisions in Osiris has
allowed us to start to probe scenarios where both
collisionality and kinetic effects can be of relevance. Such
conditions are common in fast ignition in the inner regions
of the fast ignitor target. Our effort was concentrated in the
effects of collisions in the filamentation instability (Figure
13.4); detailed comparison with the theory has been
performed, confirming some of the most puzzling
predictions of the theoretical models. Further exploration
and comparisons are underway, exploring the new current
deposition/field interpolation schemes available in
OSIRIS.
Validation of the of the recently developed code
dHybrid has been performed with three-dimensional
hybrid simulations of the interaction of the solar wind with

Figure 13.5 - Magnetic field iso-surfaces and field lines for the
unmagnetized expansion of plasma cloud in the solar wind

Comparisons between OSIRIS and QuickPIC in full 3D
simulations have been performed of laser wakefield
acceleration in plasma channels, showing that the strong
self-focusing of the laser pulse was critical to the most
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The propagation of short intense laser pulses in gas
targets can generate relativistic ionization fronts via
tunneling ionization of the background gas. The interface
gas/plasma can act as a relativistic mirror, reflecting, upshifting and compressing incident electromagnetic waves,
leading to ultra-short tunable radiation sources. The cut-off
condition for reflection, in a gas target, limits the
frequency of the incoming radiation to the THz range,
where recent developments have opened the way to
observe the relativistic mirror effect with single cycle
pulses colliding with ionization fronts. Important effects,
such as large bandwidth effects, arise when short, single
cycle, laser pulses have been considered. The role of such
effects, as well as the role of the ionization front profile, in
the collision of counter-propagating single cycle pulses
were studied in detail, taking advantage of the Wigner
function diagnostic for electromagnetic fields.

recent experimental findings of 1 GeV electrons in plasma
channels. However the self-focusing of the laser leads to
oscillations of the accelerating and focusing forces, which
limit the quality of the accelerated beam. In order to
prevent these effects, simulations designed for stable laser
propagation, using identical laser and plasma parameters as
in the experiment, were performed.
Furthermore, the propagation of non-ideal laser
configurations was examined, where the asymmetries of
the laser pulse were modeled using asymmetric and higher
order Gaussian laser beams. These simulations reproduced
the experimental observations of a recent LOA experiment
and revealed the physics that lead to the experimental
observations. It was found that the asymmetric laser
intensity profile leads to an asymmetric radial
ponderomotive force, which creates an asymmetric wake
(Figure 13.6), opening the possibility to more easily
generate coherent radiation due to off axis self-injection of
relativistic electron beams.

Figure 13.7 - Expansion of the ions from different stages of
ionization (ions from first stage of ionization on the left and from
the second on the right). Spheres represent a randomly selected
fraction of the ions, colored according to their energy, red being
the more energetic. The inner ions formed in the second stage are
more energetic and will overcome the slower expanding ions
from the first ionization.

Figure 13.6 - 3D OSIRIS simulation of the propagation of a
higher order Gaussian laser beam in the plasma, showing
asymmetric self injection in both first and second plasma waves

The double-pump technique, previously proposed by us
to to drive shock shells in cluster explosions driven by
infra-red lasers, was generalized to intense x-ray sources,
which is dependent on the efficient removal of electrons
from the cluster via ionization. A detailed ionization code
was developed to include the key processes at these
wavelengths (e.g. photoelectric effect, the Auger decay and
collisional ionization). The shock shell formation in
clusters irradiated with ultra-bright X-ray sources was
explored through PIC simulations performed with OSIRIS
2.0 where the input data regarding the ion populations and
the electron energy distribution were taken the newly
developed code. Simulations of selected scenarios where
the two stage ionization was found possible showed shockshell formation in the ion phase space (Figure 13.7).

Figure 13.8 - Wigner distribution of a reflected pulse with 10 fs
@ 1380 nm from a 1 ps @ 300 µm single cycle pulse, under nonoptimal conditions

3

Work made in collaboration with C. Bastos, M. C. Bento, V. Duvvuri, F. G. Pedro, P. T. Silva, A. A. Sen, P. Torres, P. Vieira (IST), C. M. L. de Aragão,
P. Castorina, D. Zappala (Univ. Catânia & Instituto Nazionale di Física Nucleare) , N. M. C. Santos (Heidelberg Univ.) N. C. Dias, J. N. Prata (Univ.
Lusófona), M. J. Reboucas (Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro), Slava Turyshev (Jet Propulsion Lab, Caltech)
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Asides from the above related, this team continued his
attempt to raise the awareness of the general public
towards physics and science in general, through a series of
public talks, contacts and articles in unspecialized
publication; this effort was emphasized by the authorship
of a book chronicling the evolution of human knowledge
in cosmology, with a strong accent on its relation with the
surrounding social, cultural and even personal
circumstances4

13.3. FUNDAMENTAL PHYSICS AND SPACE
PHYSICS3
During 2006, the GoLP team has further developed his
activity on space physics, cosmology and astrophysics,
with relevant results appearing in international peerreviewed publications and conferences. Amongst the
pursued topics, one may focus on the theoretical and
phenomenological implications of a noncommutative
generalization of quantum mechanics; the possibility of, in
the context of a braneworld scenario, Lorentz symmetry
arising from Lorentz breaking in the bulk; the study of the
so-called Pioneer anomaly, ranging from a survey on the
gravitational influence of the Kuiper belt, to preliminary
mission design and discussion of a future dedicated probe
to test the related anomalous acceleration and possible
theoretical insight towards a more complete approach to
gravity; a review of the current status of experimental tests
of General Relativity and competing theories of
gravitation, with a critical outlook on the various
candidates and motivations; and the research of theoretical
models and hypothetical tests of cosmological scenarios,
including dark matter and energy, inflation and relevant
cosmological parameters and predictions. A full list of
topics may be found by browsing the included references.

Figure 13.9 - Artistic view of the discussed dedicated probe to
test the Pioneer anomaly

4

“O Livro das Escolhas Cósmicas”, Ed. Gradiva, Colecção Ciência Aberta, 2006.
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14. EXPERIMENTAL LASER-PLASMA INTERACTIONS AND PHOTONICS1
L.O. Silva (Head), E. Abreu, L. Cardoso, D. Delazzari, J. M. Dias, M. Fajardo, G. Figueira, F. Fiúza, N. Lemos, N. Lopes,
R. Macedo, J M. Marti, J.T. Mendonça, R.I. Onofrei, H. Pires, J. Sampaio, E. Silva, F. Viola, J. Wemans

14.3. LASER-PLASMA ACCELERATORS
Laser-plasma accelerator experimental research, was
focused in 2006 on the development a new technique to
produce pre-formed plasma targets adequate for a plasmaelectron accelerator in the GeV range. These energy gains
can be achieved if we extend the region where the laser
stay focused to high intensity from the mm to the cm. This
can be done by co-axially propagating the laser in a fully
ionized cylindrical plasma with a minimum density on the
axis (a plasma made graded-index optical fiber). The full
ionization of the plasma is required so the laser pulse
cannot change the density profile by performing additional
ionization. The new guiding device produce the required
plasma using a high-voltage discharge between two holed
conical electrodes through a structured gas cell filled with
hydrogen to the required pressure (Figure 14.2a). The
discharge is made through the apertures made on dielectric
thin plates used to set the axis of the discharge. Inside the
gas cell the space between the dielectric plates can be filled
with gas in only a few milliseconds and can also be
evacuated in less than a second introducing a negligible
amount of gas into the main vacuum system through the
electrode apertures.
The plasma channel maximum length remains to be
determined. However preliminary results indicate that a
few centimeters can be produced simple high-voltage
technology. The production of longer channels will depend
on the generation of fast risetime voltage pulses above 200
KV and sophisticated high-impedance transmission lines.
A high-voltage (up to 150 kV) and short pulse (90 ns)
generator was developed for these devices. It uses a
commercial 35 kV DC power supply to charge a capacitor
bank of 6 nF. The switching (synchronized with the laser)
is made by a tyratron. A transmission line transformer,
made with 10 coaxial cables (50 Ohm) 10 meters long in a
5×2 configuration, rises the voltage up to 4 times
delivering pulses above 100 kV to the load in a 125 Ohm
transmission line.
A new experimental setup was installed to test and
characterize these devices at Laboratory for Intense Lasers
at IST. A modular and small vacuum chamber made of
plastic reduces the coupling of electromagnetic noise to the
vacuum system and control and acquisition equipment.
This setup can be up-graded to be used with high-power
laser beams in electron acceleration experiments.

14.1. INTRODUCTION
The activity on experimental laser-plasma interactions2
concerning experiments directly relevant to fast ignition
covered different topics on the interaction of intense lasers
with gas jets (relativistic ionization fronts and laser-plasma
accelerators) as well as novel VUV sources, combining
techniques from high harmonics generation in gases and xray lasers. The work in photonics was centered in
applications in biomedical optics and novel laser
amplification schemes3
14.2. RELATIVISTIC IONIZATION FRONTS4
In order to identify and explore the parameters that
optimize the key features of relativistic ionization fronts to
act as relativistic mirrors for THz radiation an
experimental setup was prepared using the high power
laser chain at TOPS group at the University of the
Strathclyde. The density profiles of the relativistic
ionization fronts have been obtained using a time-resolved
Mach-Zehnder interferometer and an automatic fringepattern analysis code. It was possible to determine the best
position of the laser focus in the gas jet. The evolution of
the relativistic ionization front for different laser beam
powers was also explored in detail, showing an increase in
the front curvature for longer propagation times. The
spectral content shows a broad spectrum in the self blue
shift signal.

Figure 14.1 - Plasma channel produced by laser pre-pulse and
the guided main laser pulse at the channel entrance

1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST.
Information is included in section 10.2.
Also briefly described in section 10.3.
4
Work performed in collaboration with J.G. Gallacher, R.C. Issac and D. Jarozinsky of the University of Strathclyde (Glasgow).
2
3
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In terms of the implementation of an X-ray laser at L2I
laboratory, in 2006 we started to equip the lab in the
necessary XUV diagnostics. We have purchased critical
components for the experiment, such as a back-thinned,
cooled, 1024x1024 XUV CCD (Acton Research), an XUV
transmission grating (1000 lines/mm) and XUV filters
(aluminum, thicknesses 1000 Å-1µm). Design of the actual
experimental setup, including beam delivery and
interaction chambers will start in February 2007. First
stage of the design of an XUV transmission grating
spectrometer operating in the wavelength range 5-200 nm
has been completed, and three experimental configurations
have been developed.
The Portuguese team has investigated the
optimization of soft x-ray amplifiers, in an experiment
carried out in June-July 2006 at the PALS x-ray lasers
facility. The density profiles of laser-produced plasmas
were recorded by high-resolution imaging of the XUV
self-emission, and by backlighting with X-ray laser at 21.2
nm, accessing in the given geometry electron densities in
excess of 1022 cm-3. Plasmas produced using conventional
“flat top” line focus, as well as using laterally modulated
illumination profile, were examined. The obtained data
indicate that by employing line focus with concave
intensity profile it is possible to generate laterally highly
uniform plasma columns of width ~500 µm, potentially
suitable as amplifiers with negligible lateral refraction.
Finally, the GoLP staff also implemented and
optimized a ray tracing code for the design of an XUV
amplification chain. “Shadox” is a 2D post-processor
exploiting plasma density profile simulated by a
hydrodynamic code. The code has been rewritten in
Fortran 90. A better resolution, less time-consuming code
has been obtained. At the same time tests on ray
propagation
and
Gaussian
behavior
algorithms
demonstrated a good agreement with theoretical
calculations.

Figure 14.2b shows a typical shadowgraphy picture of
the plasma. This picture shows the shadow produced by
the plasma line in a short pulse (300 fs) laser beam that
propagates perpendicularly to the plasma through the gas
cell windows. We can also see the shadows produced by
the dielectric plates as well as the conic electrodes. This
picture was obtained 25 ns after the discharge current
beginning. This plasma was obtained by charging the pulse
generator capacitors to 20 kV, resulting in a current on
target of about 200 A on a 100 mbar background of H2.
This picture shows the capability of these guiding devices
to produce good quality plasmas with a plasma density
interesting for plasma electron accelerators. The time
resolved measurement of the plasma density as well as
laser guiding experiments using this devices, as well as the
improvement of the high-voltage pulse generator
(maximum voltage, rise-time and diagnostics) will be the
work program for 2007.

Figure 14.2a) - Scheme of the guiding device, 14.2b)
shadowgraphy picture of a plasma channel produced using a
femtosecond laser pulse propagating through the gas cell.

14.4. XUV SOURCES AND APPLICATIONS5
M. Fajardo is the coordinator of the FP6-NEST-Adventure
project TUIXS (Tabletop Ultra-Intense XUV Sources for
Femto-Biology and Related Applications)6, and as such
has been working in the extension of the concept of a laser
chain into the XUV domain. The final goal is to produce
femtosecond-range pulses with energy up to the mJ range,
near 13 nm with sufficient control on the full process to
achieve routine production and also to ensure the spreading
of this invention to many laboratories in Europe and also
world wide. This project has driven the research on XUV
sources and applications at IST.

Figure 14.3 - Artist view of a three stage amplification chain
working in the soft x-ray range. At the end of the chain, the
seeded soft x-ray laser is tight focus on a biological sample for
flash imaging experiment

5

Work carried out in collaboration with M. Kozlova, B. Rus, M. Stupka (PALS), Ph. Zeitoun, S. Sebban, K. Cassou, F. Roy (LOA), TUIXS project
international team.
www.tuixs.org.

6
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14.5. OPTICAL PARAMETRIC CHIRPED PULSE
AMPLIFICATION
Optical parametric amplification can combine a very high
gain per pass, tunability and a broad bandwidth. Adding to
it the chirped pulse amplification technique to avoid the
inconvenience of excessive peak power inside the laser
system, and we have a versatile and relatively efficient
way to achieve short, high power laser pulses.
The Portuguese team successfully achieved the
expected theoretical gain of 104 in a single pass through a
20 mm long nonlinear crystal. Two of these stages in series
could, in terms of energy, replace our current regenerative
amplifier and outrun it in bandwidth. However, GoLP will
not do it because the cost of upgrading the pump laser for
this task would by far exceed the benefits. The OPCPA
technique will instead find its place at L2I in alternative
amplifying stages supported by laser pumps currently
under development.

Figure 14.5 - Screenshot of the virtual instrument graphical
interface.

14.5.2. Experimental demonstration of ultrabroadband amplification
Ultra-broadband amplification uses angular dispersion to
optimise phase matching angles over a broad range of
wavelengths. Testing this technique requires an extremely
broadband signal source. Theoretically, it could hold
wavelengths from 800 to 1500 nm, but it would be very
difficult to find a broadband source such that it could
encompass this huge bandwidth. Instead, we opted to show
that we could overcome the conventional technique
bandwidth, which in this case is around 100 nm.
For the seed signal we used our mode-locked oscillator
pulses, broadened by self phase modulation in a Photonic
Crystal Fibre (PCF). The fibre’s reduced core enhances the
media nonlinearities, stretching the pulse bandwidth from
15 nm to almost 500 nm.

Figure 14.4 - Detail of the experimental setup with the BBO nonlinear crystal, the amplifying media, on the foreground.

14.5.1. Spectrometer assisting software
The GoLP finest spectrometer is, by construction, a
monochromator equipped with a CCD camera. It is
Labview-operated to select one of three different
resolution diffraction gratings and its working central
wavelength. The control driver was supplied by the
manufacturer, but there was no automation concerning
image capture and processing.
Integrating into a single virtual instrument both the
hardware control and the image acquisition drivers it is
now possible to measure spectrums with minimal effort. A
series of tools were added to assist the most common tasks:
wavelength calibration, peak and bandwidth measurement,
background removal, sensitivity threshold (for pulsed
sources), image and profile storage, among others.

Figure 14.6 - Photonic Crystal Fibre (PCF) section micrograph.

We observed amplification over a bandwidth wider
than the conventional 100 nm, but much smaller than the
available 500 nm. This is justified by the superposition of
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A total of 42 eyes were studied, 18 non-operated eyes
and 24 operated eyes.

the spectral window of the existing broadband mirrors (200
nm wide only) and the spectrometer camera sensitivity,
near zero at for wavelengths longer than 1150 nm. The
replacement of some mirrors, and exchanging the
spectrometer sensor will certainly enable much more
bandwidth to be detected in the near future.

Figure 14.7 - PCF output spectrum: from 850 nm to almost 1350
nm. The false colours represent the second harmonic of the real
wavelength.

Figure 14.8 – Aberrometer’s outputs for a corneal refractive
surgery eye - Wavefront map

We observed that the operated eyes presented great
amounts of high order aberrations. The higher terms in
eyes operated with phakic and pseudophakic intraocular
lenses were coma and trefoil aberration. For corneal
refractive surgery eyes the most significant terms were:
coma and spherical aberration. We also verified that when
we were evaluating test images computed from high order
aberrations terms, in some specific situations we were
looking to inaccurate predictions of visual acuity.
Regarding these results, if we want to get a best estimative
of patients’ visual acuity, we cannot dissociate low and
high order aberrations terms, since they tend to be
compensated.

14.6. OPTICAL ABERRATION AND SIMULATION
OF VISUAL ACUITY7
In ophthalmology optical aberrations are divided in low
order (common refractive errors that can be corrected with
spectacles or contact lenses) and high order (other
refractive errors). To study the impact of optical
aberrations in visual acuity of different eyes, the GoLP
staff used wavefront measurements from BAUSCH &
LOMB ZywaveTM Wavefront Aberrometer and an
improved version of the computational simulation tool,
previously developed by GoLP, which calculates optical
functions and simulates test images affected by the
measured aberrations.

7

Work made in collaboration with A. Castanheira-Dinis (CECV)
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15. ENVIRONMENTAL ENGINEERING PLASMA LABORATORY1

C. M. Ferreira (Head), F. M. Dias, E. Tatarova, J. Henriques

temperature is achieved by fitting experimental spectra
with calculated ones.

15. 1. INTRODUCTION
Having in view environmental issues, the main activity of
the “Ecological Plasma Engineering Laboratory” research
group during 2006 was focused on complex, experimental
and theoretical, investigations of microwave molecular
plasmas over a large domain of experimental conditions.
The research work, experimental and theoretical, falls into
the following main fields of investigation:
• “Hot” hydrogen atoms generation in a large-scale (H2,
He-H2, Ar-H2, N2–Ar, water vapor) microwave
discharges and its remote plasmas;
• Surface wave induced (N2–Ar, air) microwave plasma
torches for ecological applications;
• Development of new experimental techniques for
spectral diagnostics of molecular plasmas, i.e. TALIF
technique, emission lines broadening techniques,
calculation of synthetic spectra (atomic and molecular).

Figure 15.1 - Large-scale source: experimental set-up.
1.0
Experiment
theory
2
2
D5/2- P3/2

2

15.2. “HOT” HYDROGEN ATOMS GENERATION
Recently, puzzling observations have been made in
hydrogen containing plasmas. For example, excessive
broadening of the Balmer lines of atomic hydrogen has
been observed in different type of discharges. As pointed
out by many authors definitive explanation of Hα line
broadening in microwave discharges requires better
experiments and models. Presently, this area of physics is
no doubt a subject of big controversy, and in situation like
this, the role of experimental physics is to provide
experimental tests of the phenomena.
The purpose of the experimental work done is to
address these questions. For this reason an experimental
investigation has been performed on the line shape
emission intensities of excited hydrogen atoms in He-xH2,
Ar-xH2, H2 and water vapor plasmas generated by a slot
antenna excited, microwave plasma source operating at
ω/2π=2.45 GHz at low pressure conditions (Figure 15.1).
The kinetic temperatures of the emitting H atoms
corresponding to Doppler broadening of Balmer-α lines
are compared with those obtained from Doppler
broadening of the He singlet line at 667.8 nm and with the
rotational temperatures calculated from the Q-branch of the
Fulcher-α band [d3Πu (v=0) → a3Σg+ (v=0)].
The synthetic spectra of the Hα line with its seven fine
structure components have been calculated (Figure 15.2).
The experimental determination of the emitting H atom
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Figure 15.2 – Comparison of Hα profile with calculated one

Figure 15.3 shows a series of Hα line profiles collected
at a fixed space position (ϕ = 180o, ∆z = 1 cm) close to the
end of the discharge zone of the source for He-H2 plasmas
with different fractional compositions. Upon inspection of
this figure, it is apparent that the line shape does not
change. Consequently, the magnitude of the broadening is
virtually the same for all mixture compositions. The
Doppler temperature corresponding to these profiles is
about 3400 K. This temperature is higher than the
rotational temperature measured under the same
conditions, which is indicative of the kinetic temperature
of the background gas. Trot ranges from about 900 K to
600 K as the percentage of H2 in the mixture increases up
to 50 %.

1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST.
This work is made in the framework of collaboration with the Physics Department of Eindhoven Technical University (The Netherlands) and Institute of
Physics, Belgrade University (Serbia).
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power is provided by a 2.45 GHz generator at levels
varying between 200 and 700 W. The discharge takes
place inside a quartz tube with internal radius varying from
1 mm to 7.5 mm. The mixture’s gas flux ranges from 100
sccm to 2000 sccm. Light emitted by the discharge is
collected by an optical fiber and conducted to the entrance
of a Jobin-Yvon Spex 1250 spectrometer equipped with a
liquid-nitrogen cooled CCD camera.
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Figure 15.3 – Variation of measured Hα profile with mixture
composition

The results demonstrate that the kinetic temperature of
emitting H atoms is higher than the background gas
temperature in H2, He-H2, and Ar-H2 plasmas. Simular
results are obtained in water vapor plasma. The measured
temperature in water vapor plasma corresponding to
Doppler broadening of Balmer-α line are higher than gas
temperature as measured from the rotational bands
belonging to Fulcher-α system of molecular hydrogen. Hot
hydrogen atoms generation is detected up to 20 cm axial
distance (Figure 15.4) in the deep remote plasma zone of
the microwave source considered. The results demonstrate
splitting of H atoms temperature from background gas
temperature and “hot” hydrogen atoms generation.

1 .0
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P = 9 00 W
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Figure 15.5 –Surface wave induced plasma torches

∆ z = 1 cm

The generated torches have been studied by means of
optical emission spectroscopy methods, including analysis
of spectra of OH rotational bands and hydrogen Balmer
lines broadening. For this reason a small quantity of water
vapor was added to the mixture. Plasma parameters such as
rotational temperature of the OH radical, Doppler
temperature corresponding to the broadening of Hα, Hβ
atomic lines and electron density (Stark broadening
technique applied) are determined. Rotational temperature,
as a measure of the gas temperature, has been determined
by comparison of emission intensities of rotational lines
corresponding to Q-branch of OH(A2Σ→X2Π rotational
band with calculated ones (Figure 15.6). Hβ profiles have
been measured to determine corresponding Doppler
temperature and electron density. The measured Hβ profile
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Figure 15.4 – Axial variation of measured Hα profiles

15.3. SURFACE WAVE INDUCED PLASMA
TORCHES
Different types surface wave induced microwave plasma
torches (N2-Ar, Ar, Air) have been created using a
waveguide surfatron based setup (Figure 15.5). Microwave

3

Work performed in collaboration with Prof. Dr. B. Gordiets (Institute of Physics, Academy of Sciences, Russia), Dr. André Ricard (CPAT, Université
Paul Sabatier, France), Dr. E. Benova (Faculty of Physics, Sofia University, Bulgaria), and Dr. Jost van der Mullen (Eindhoven Technical University, The
Netherlands).
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The plasma torch axial structure, including the surface
wave sustained overdense plasma and the post-discharge
plasma due to the axial gas transport, have been analyzed.
Due to the high electron density in the discharge zone there
is a “huge” excitation of the whole vibrational manifold
(up to vibrational quantum number v=45) of

is well fitted with Voigth profile and Gaussian and
Lorenzian part of the profile have been deconvoluted. The
results demonstrate almost twice higher values of the
measured Doppler temperatures (TD ∼ 6000 – 7000 K) than
rotational ones (TR∼3000–4500 K) in N2-Ar plasma
torches.
1.0

N 2 ( Χ1Σ +g , v) molecules (Figure 15.8).
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Figure 15.6 - OH rotational spectra

Theoretical models for N2-Ar and Air (Figure 15.7)
surface wave induced plasma torches at atmospheric
pressure have been developed. In the framework of a fluid
approach, the system of equations considered to describe
the plasma torches includes:
 The Maxwell’s equations;
 The dispersion equation for the azimuthally symmetric
TM surface mode;
 The rate balance equations for vibrationally excited
states of electronic ground state molecules N ( Χ1Σ + , v ) ;
2

Figure 15.8 - Axial variation of the vibrational distribution
function (P=2000 W, N2(50%)-Ar(50%), Q=500 sccm,).

g

 The rate balance equations for the excited states of
molecules and atoms;
 The rate balance equations for ions and electrons;
 The rate balance equation for ground state N(4S) and
excited N(2P, 2D) atoms;
 The gas thermal balance equation;
 The equation of mass conservation for the fluid as a
whole.

Figure 15.7 – Air plasma torch
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16. NONEQUILIBRIUM KINETICS AND SIMULATION OF DISCHARGES, AFTERGLOW PLASMAS AND
HIGH-SPEED PLANETARY ENTRIES1
C.M. Ferreira (Head), J. Loureiro, V. Guerra, K. Kutasi, C.D. Pintassilgo, P.A. Sá and M.L. Silva

16. 1. INTRODUCTION
The research work carried out by this team in 2006 falls
into the following main fields of investigation:
• Nonequilibrium processes and plasma radiation in
high-speed planetary entries;
• Modelling of afterglow plasmas for plasma
sterilization;
• Discharges in N2-CH4 for planetary atmospheric
studies and surface treatments;
• Kinetic study of the nitrogen afterglow;
• Theoretical modelling of heterogeneous atomic
recombination

16.2.1. Kinetic processes
Shock-induced kinetic processes occur at very high
translational temperatures, a temperature domain which is
still not well known. Indeed, shock heated flows typically
have a translational temperature significantly higher than
the temperatures of the species internal modes. However,
most of the kinetic theories, based on the state-to-state
approach developed in the last decades, have been applied
to the studies of phenomena like gas discharges, where the
temperatures of the species internal modes are
considerably higher than the gas translational temperature,
which rarely exceeds 1000 K.
Thus, with the purpose of studying the nonequilibrium
processes in entry conditions, a kinetic theory based on the
Forced Harmonic Oscillator (FHO) has been developed to
examine post-shock vibrational excitation (V-T) and
dissociation processes. An application has been carried to
high temperature shockwaves in nitrogen gas, and the
trends for dissociation of the species in the flow have been
examined for temperature ranges above 10,000 K, and up
to 100,000 K.
Comparisons have been carried with popular multitemperature models commonly utilized in fluid solvers. As
expected, the presence of “ladder-climbing” phenomena
leading to an incubation time for dissociation has been
predicted for moderate translational temperatures (10,000
K-20,000 K). However, at higher temperatures, an
Arrhenius behaviour is observed regarding dissociation
processes: the availability of a large energy pool in the
translational mode favours dissociation processes to the
point that a weak dependence on the initial vibrational
level is observed.
A complete database for nitrogen has been built, taking
into account additional data from other research groups.
Such a database has been compared to popular multitemperature theoretical models, so as to asses the
reliability of such models of widespread use in
hydrodynamic atmospheric entry calculations.

16.2.
NONEQUILIBRIUM
PROCESSES
AND
PLASMA
RADIATION
IN
HIGH-SPEED
PLANETARY ENTRIES
In the scope of the AURORA program, sponsored by the
European Space Agency, planetary exploration missions
have been scheduled for near-Earth planets such as Venus
and Mars. The mission profiles include fast entry phases
where the spacecraft velocity is significantly higher (>10
km/s) than during the more common entries from Earth’s
orbit (about 5 km/s). As a spacecraft is decelerated trough
the formation of a hypersonic shock-wave that converts the
flow energy to thermal energy, extremely high
translational temperatures (>10,000 K) are reached behind
such shockwave. These high temperatures favour
dissociation, ionization, and radiation processes, which in
turn will influence the heat fluxes whistanded by the
spacecraft thermal protections.

Figure 16.1 - Artist rendition of a spacecraft entry in Mars
atmosphere.
1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST.
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Figure 16.2 – Time-dependent post-shock evolution of
translational and vibrational temperatures. Full line: Stateresolved mode;, Dash-dotted line: Two-temperature model;
Dotted line: One-temperature model.
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Figure 16.5 – Emission coefficient of a 97% CO2-3%N2 plasma at
atmospheric pressure and 5000K.

16.2.2. Radiative processes
A well established capability for the simulation of plasma
radiation has been achieved by our group. We are
maintaining a well-tested “line-by-line” code which is
currently being utilized by four international scientific
groups through a open source-type license. This numerical
code offers a novel and efficient algorithm which deploys
adaptive spectral grids, significantly reducing computation
times and memory requirements. We are also maintaining
an online spectral database with more than 500 different
datasets. More information on this subject may be found in
the group page at: http://cfp.ist.utl.pt/radiation/
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16.2.3. Structure of diatomic molecules and validity
range for the Born-Oppenheimer approximation
In the scope a working group sponsored by the European
Space Agency, the consequences of the BornOppenheimer
approximation
under
extremely
nonequilibrium conditions, such as is the case of
aerothermodynamics, have been examined. At the
moment, general consensus exists that no simple theory
exists for stepping beyond such approximation: adequate
“ab-initio” quantum models developped to date have only
been successfully applied to hydrogenoïd molecules, in
which the number of bound electrons is sufficiently small
to allow successfull calculations. However, significant
improvements to the calculation of internal vibrational and
rotational levels can be brought for diatomic molecules.
Through the explicit reconstruction of intramolecular
potential curves using the Rydberg-Klein-Rees (RKR)
method, we have predicted 59 bound vibrational levels to
exist for the ground electronic state of nitrogen, instead of
the commonly assumed 45 levels, determined through the
use of polynomial expansions. An investigation on the
influence of dissociation and recombination processes for
nitrogen is currently underway.

0

Figure 16.3 – Time-dependent post-shock evolution of
dissociation processes. Full line: State-resolved mode;, Dashdotted line: Two-temperature model; Dotted line: Onetemperature model.
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Figure 16.4 – Contour plot in orders of magnitude for the twotemperature dissociation rate (cm3/s) for N2-N2 collisions, as
calculated using the FHO theory.

16.3. MODELLING OF AFTERGLOW PLASMAS
FOR PLASMA STERILIZATION
The medical sterilization using post-discharge plasmas has
appeared as a promising tool, for heat sensitive materials
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NO(X), NO(A), NO(B), O3 and NO2.
In the experimental investigations mainly Pyrex
reactors are used, however in the actual applications the
reactors are made in metal, so that aluminium and stainless
steel walls should be considered. It is well know that the
atomic species have larger loss probabilities on these
metallic surfaces. In our calculations reactors of three
different materials have been considered: Pyrex,
aluminium and stainless steel; and the effect of the wall
material on the concentrations of atomic and molecular
species have been investigated.
Figure 16.7 shows the relative density distribution of
O(3P) and NO(B) – the most important species for medical
sterilization – at p = 2 Torr and f = 2.45 GHz discharge
condition, in the case of N2-2%O2 mixture composition
and 2000 sccm gas flow rate for a Pyrex and a stainless
steel reactor. We can notice how the nature of the surface
can strongly influence the molecular densities
distributions, via the loss of atomic species on the surface.
Our investigations have been carried out for various
discharge conditions, which made possible the study of the
effect of different parameters – e.g. gas pressure (18 Torr), initial mixture composition (0.2-7%O2), gas flow
rate (500-4000 sccm), distance between the end of the
discharge and reactor – on the species densities and
temperature distributions. The calculated O(3P) and NO(B)
densities at different oxygen percentage have shown to be
in very good agreement with the experimental results.

increasingly used in medical and dental devices, since it
can provide at relatively low temperatures active species
able to sterilize. Further, this system is safe and not toxic.
Investigations realized in the University of Montreal have
shown that total inactivation of Bacillus subtilis spores can
be achieved in the afterglow of a low-pressure flowing N2O2 microwave discharge, with small O2 addition, of the
order 0.2-5%, as a result of a synergistic effect between
UV photons emitted by NO(B3Π) molecules and O(3P)
atoms. It has been also investigated in the University Paul
Sabatier in Toulouse, that spores inactivation can be also
achieved as a result of the etching effect produced by N
atoms.
With the aim of determining the temperature and the
species densities distributions in post-discharge reactors
similar to the ones used in experiments, a fully selfconsistent modelling of a flowing microwave N2-O2
discharge, and post-discharge system, has been conducted
in CFP. These investigations allow to understand the
molecular kinetics that takes place in the reactor and thus
to improve it.
The model includes three different regions of the
system, namely: i) the microwave discharge; ii) the earlyafterglow region developed in the connecting zone
between the discharge zone and the post-discharge reactor;
and iii) late afterglow in a large reactor chamber (Figure
16.6). The density distributions in the post-discharge
reactor have been calculated with a hydrodynamic model
composed of i) continuity equation of different species, ii)
momentum transfer and iii) energy conservation equations.
The species densities at the reactor entrance have been
determined with the help of a kinetic model developed for
the discharge and early-afterglow regions, based on the
homogeneous Boltzmann equation for electrons and the
rate balance equations for different species.
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Figure 16.7 – Relative density of O( 3P) (1st line) and NO(B)
(2nd line) in the x-z vertical plane situated in the middle of the
reactor, at y=12.5cm.

Figure 16.6 – The post-discharge system used in our
investigations. The active species created in the N2-O2 flowing
microwave discharge are carried by the flow into the reactor.
The inlet and outlet are situated in the middle of the planes giving
symmetry to the chamber.

16.4. DISCHARGES IN N2-CH4 FOR PLANETARY
ATMOSPHERIC
STUDIES
AND
SURFACE
TREATMENTS
16.4.1. Studies of Titan’s atmosphere
Gas discharges in N2-CH4 mixtures are one of the most
common methods in laboratory simulation of Titan’s
atmosphere. Over the last decades, several experimental
devices considering different types of discharges have
been proposed. However, in spite of the variety of results

The active species present in the reactor play important
role also in other applications than sterilization, e.g.
polymer treatments, thin film deposition, metal surface
cleaning and surface nitriding. Therefore, we have studied
the density distributions of all species present in an N2-O2
post-discharge, namely: N(4S), O(3P), O2(a), O2(b), O2(X),
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presented, there is still a lack of a systematic study on the
fundamental physical phenomena occurring in these
media. The aim of our work in N2-CH4 discharges is
twofold: i) the modelling of a microwave discharge
covering a wide range of pressures, from 1 to 200 mbar,
corresponding to the conditions observed in Titan’s
stratosphere and troposphere; and ii) the study of a low
pressure RF discharge in a GEC cell, developed to
simulate the atmospheric chemistry and the formation of
organic aerosols, also named “tholins”, that are observed in
Titan.
Within this purpose, a kinetic model has been
developed for the microwave discharge based on the
solutions to the homogeneous electron Boltzmann equation
coupled to a system of the master equations for the most
important neutral and ionic species produced in the
discharge. This model allows to obtain, besides the EEDF
(electron energy distribution function) and the
concentrations of the vibrationally excited levels, N2(X,v),
the electronically excited sates of nitrogen and nitrogen
atoms, the concentrations of hydrocarbons from CH4
dissociation, and some of the most important species
detected in Titan’s atmosphere, such as C2H6, C2H2, C3H8,
C2H2, C3H4, C4H2, HCN, HC3N, C2N2, C2H5, as well as the
radiative states CN(B) and CN(A). This work simulates the
Titran’s atmosphere at different altitudes using different
pressures and by varying other discharge parameters.
In what concerns the study of a RF discharge in N2-CH4, a
numerical model is being developed at CFP for this
mixture in order to couple the electron kinetic description
(through the EEDF) to the transport and the Poisson’s
equations using the local mean energy approximation. This
work is being carried out in collaboration with the Service
d’ Aéronomie, University Paris VII and Versailles/Saint
Quentin (France).
Both these studies in N2-CH4 discharges are conducted
in framework of the Europlanet Planetology Network
(EUROPLANET).

of the CN violet band CN(B²Σ ,7→
 CN(X²Σ,7), by
assuming simple kinetic models for the long-lived
afterglow, and using NO titration for absolute
calibration. In order to interpret the experimental
results, the post-discharge region is described by a
system of time-varying kinetic rate balance equations
for the most abundant species produced in a N2-CH4
mixture, while the modelling of N2 and N2-CH4
discharges have been considered respectively for cases
i) and ii).
16.5. KINETIC STUDY OF THE NITROGEN
AFTERGLOW2
The kinetic study of the so-called pink afterglow that
occurs in earlier instants of a nitrogen post-discharge has
been practically concluded during this period, although
other complementary aspects should also be investigated.
It has been shown that after the electric excitation is cut-off
in the discharge, an overpopulated vibrational distribution
of ground-state N2(X,v) molecules is established due to
near resonant vibration-vibration (V-V) energy exchanges,
followed by vibration-electronic (V-E) exchanges induced
by collisions of highly vibrationally excited molecules,
with both N atoms and slow electrons. The metastables
species N2(A) and N2(a’) are then created in the postdischarge, leading to the developing of stepwise ionization
reactions, with formation of N2+(X) ions. Finally, these
latter give place to the formation of the upper-ionic state
N2+(B), again due to collisions with N2(X,v) molecules, in
levels v>12. The state N2+(B) is the emitting state of the
pink afterglow associated with the transition N2+(B  X).
16.6.
THEORETICAL
MODELLING
OF
HETEROGENEOUS ATOMIC RECOMBINATION3
The probability for surface atomic recombination of a
single gas was investigated theoretically, for a system that
takes into account atomic adsorption in physisorption and
chemisorption sites, surface desorption, surface diffusion,
and both Eley-Rideal (E-R) and Langmuir-Hinshelwood
(L-H) recombination mechanisms. Analytic asymptotic
solutions were obtained for the value of the recombination
probability and are validated by their comparison with
numeric calculations for the system of equations
describing the same sequence of elementary processes. The
dependence of the recombination probability on the value
of the wall temperature was analysed in detail.
The system under analysis was originally designed to
describe nitrogen and oxygen recombination on silica
surfaces as in ref. [1], but it was kept in a very general
form. It includes adsorption and desorption of atoms at
reversible sites, chemisorption on irreversible sites,
recombination of chemisorbed atoms with gas-phase atoms
– Eley-Rideal (E-R) recombination, surface diffusion of
physisorbed atoms, and recombination between a diffusing

16.4.2. Discharges for metal nitrocarburizing

Flowing microwave discharges and post-discharges in
N2-CH4 are also studied due to their efficiency in metal
surface nitrocarburizing. These investigations have been
carried out in collaboration with the Laboratoire de
Science et Génie des Surfaces de l’École des Mines de
Nancy (France), where the experiments have been
realized, while modelling studies have been conducted
in CFP. Two different situations have been considered:
i) CH4 is added into the downstream afterglow of a N2
discharge; ii) CH4 is added to the discharge. The
experimental work involves the measurement of the
concentration of N and C atoms in the remote postdischarge from optical emission spectroscopy of the first
positive system of N2, N2(B3Πg,11) → N2(A3Σu+,7), and
2
3

Work made in collaboration with Frantisek Krcma (Brno University of Technology), and Petr Vasina (Masaryk University in Brno).
Work performed in collaboration with Richard Engeln (Eindhoven Technical University).
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The asymptotic analytic solutions for the value of the
recombination probability, γ, have been obtained in terms
of the different surface parameters, such as activation
energies and densities of adsorption sites. It has been
shown that γ can have very different dependencies with the
wall temperature, Tw, which result from the competition
between the Eley-Rideal (E-R) and LangmuirHinshelwood (L-H) mechanisms of recombination. In the
model assumed, E-R recombination dominates both at
“very low” and “high” values of Tw, where γ essentially
follows an exponential with Tw. However, at
“intermediate” temperatures the influence of L-H
recombination may originate strong deviations from this
exponential behaviour. The validity of the asymptotic
analytic solutions has been confirmed from their
comparison with the numeric solution to the system of
equations.

physisorbed atom and a chemisorbed one – LangmuirHinshelwood (L-H) recombination. At the present stage,
recombination involving only physisorbed atoms is not
considered, nor it is desorption from chemisorption sites.
Such approximations may influence the results for very
low and very high surface temperatures, respectively.
The Eley-Rideal recombination probability, γE−R, is
essentially proportional to exp(−Er /RTw), as long as the
wall temperature is not “too high” so that the inequality
exp(−Er /RTw)<<1 holds. The Langmuir-Hinshelwood
recombination probability, γL−H, exhibits a much more
complex behaviour with the wall temperature. Each
chemisorption site is surrounded by a “collection zone”,
whose size depends on the surface parameters (activation
energies of the different elementary processes) and wall
temperature. Basically, only atoms that impinge the
surface within a collection zone can reach, by diffusion, a
chemisorption site and recombine before desorption.
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17. MODELLING OF PLASMA REACTORS1
C.M. Ferreira (Head), L.L. Alves, R. Álvarez, L. Marques, S. Letout, J. Gregório, J.S. Sousa, J. Cruz
given spatial profile of the plasma density (tailored from
previous experimental measurements), with maximum
values in the range 1014−1015 cm−3. Model results revealed
that the system exhibits features similar to those of a
circular waveguide, supporting evanescent or oscillatory
solutions for radial dimensions below or above a critical
radius, respectively. Results also showed that the fractional
average power absorbed by the plasma is strongly
influenced by the system dimensions, which play a major
role in defining the geometry pattern of the
electromagnetic field distribution. Simulations were used
to provide general guidelines for device optimization,
opening the possibility for a reactor power tuning by
varying the position of a shorted plane in height.

17.1. INTRODUCTION
This project was fully focused onto the modeling of
several configurations of plasma reactors (PR), used in
different types of applications (mainly material processing
and environmental control). The goal is the development
of sophisticated simulation tools, to optimize the operation
conditions with different PRs.

17.2. MICROWAVE-DRIVEN PLASMA REACTOR
OPERATED BY AN AXIAL INJECTION TORCH2
The CFP team has concluded the two-dimensional
electromagnetic model of a microwave-driven (2.45 GHz)
plasma reactor (cylindrical chamber with 55mm radius and
150 mm height), operated by an Axial Injection Torch3,
used for the destruction of industrial sub-products (VOC’s
and BEXT aromatic hydrocarbons). The torch (connected
to a coaxial waveguide with 5.3 mm and 14.5 mm inner
and outer radii, respectively) creates atmospheric plasmas
in different pure gases (argon, helium, nitrogen) or gas
mixtures (e.g. air), over a wide range of powers (300−3000
W) and flow-rates (0.5−13 L min−1), producing very hot
flows of plasma species (electron temperatures around
20000 K and gas temperatures between 2000−6000 K).

Figure 17.2 – Simulation of the AIT H-field distribution

17.3. SURFACE-WAVE PLASMA REACTORS WITH
CYLINDRICAL SYMMETRY4

The CFP team has concluded the characterization (both
modeling and experiment) of microwave (2.45GHz)
plasma discharges with cylindrical symmetry (10-100mm
radii), produced by TM00 surface-waves (SW) within either
a cylindrical (plasma-dielectric-air-metal media sequence)
or a coaxial (metal-air-dielectric-plasma-metal) structure.
Discharges are produced in argon over a broad range of
operating conditions: 1mtorr-5torr pressures and 10113x1012 cm-3 electron densities (100-1000 W coupled
powers).
A stationary, one-dimensional (radial) fluid-type code
(including the continuity and the momentum-transfer
equations for electrons and positive ions, and the electron
mean energy transport equations) was solved coupled to
Poisson’s equation for the space-charge electrostatic field

Figure 17.1 – Close-up over the axial injection torch

The model solves the Maxwell equations, adopting a
harmonic time description and considering the collision
dispersion features of the plasma. Perfect conductor
boundary conditions were satisfied at the reactor walls, and
absorbing boundary conditions were used at the open-end
of the coaxial waveguide powering the system.
Simulations yield the distribution of the electromagnetic
fields and the average power absorbed by the system, for a

1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST.
Work carried out in collaboration with M.C. Quintero and A. Rodero (Physics Department, University of Cordoba, Spain).
3
(AIT, Spanish patents P200201328 and P200302980)
4
S. Letout and L.L. Alves, in collaboration with C. Boisse-Laporte (Laboratoire
79 de Physique des Gaz et des Plasmas, University of Paris XI, Orsay, France).
2
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and the appropriated Maxwell’s equations for the SW
electromagnetic field. Results reveal some new features
related to the development of electron-plasma resonances,
which occur in the vicinity of space-charge sheath regions
near discharge boundaries, as a result of the severe electron
density gradient therein. These boundary phenomena were
found to influence the local budget of the discharge power
deposition. At low pressures (below 10 mTorr, regardless
of the average electron density), a resonance-controlled
mode for the wave-plasma coupling was identified, in
contrast with the classical friction-controlled mode
observed at high pressures.

17.4.
INDUCTIVELY-COUPLED
PLASMA
REACTORS5
The CFP team has pursuit the modeling of inductivelycoupled plasma reactors (ICP-R), used in the etching of
inter-metallic oxides with fluorocarbon gases (LPCM’s
reactor), or as an ion source for ion milling applications,
such as ion beam deposition or oxidation with Ar/O2 and
Xe/O2 gas mixtures (INESC-MN’s Nordiko-3000 reactor).
Both ICP-R’s under study have a cylindrical geometry and
are excited by single- or multi-loop circular antennas with
110 mm radius (either surrounding the reactor or just
coupled to it through a dielectric window), powered by
radio-frequency (13.56 MHz) currents of 1-10A (~10-1000
W input powers). As usually, these devices operate at very
low pressures (~mTorr or below) and high plasma
densities (~1011-1012 cm-3), thus ensuring both a high
producing rate of species and a reduced contamination.

Figure 17.3 – Coaxial setup for SW discharges

Directional planar Langmuir probes were used to
experimentally detect and characterize the electron plasmaresonances with the coaxial configuration. Probe
characteristics exhibited a significant increase in the
electronic current over a wide range of probe potentials,
depending on radial position and direction of observation.
Such behavior reveals the presence of highly anisotropic
electrons. Experimental probe currents were simulated, by
considering multiple electron populations with drifting
Maxwellian velocity distributions. Results yielded axial
drift velocities corresponding to energies up to 30 eV for
populations of only a few 10−2 below the thermal
background density.

Figure 17.5 – ICP-based ion beam setup

Figure 17.6 – Simulation of the ICP E-field distribution

Figure 17.4 – SW attenuation constant vs. pressure
5
Work made in collaboration with A. Rhallabi and C. Cardinaux (Laboratoire des Plasmas et des Couches Minces (LPCM), Institut des Matériaux
de nantes, France), and with S. Freitas and P. Freitas (Instituto de Engenharia
de Sistemas e Computadores-Microsistemas e Nanotecnologias
79
(INESC-MN), IST, Lisboa, Portugal).
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The excitation source with these ICP-R’s, has been
successfully described by developing a two-dimensional
simulation that calculates the electromagnetic (e.m.) field
distribution therein, given the RF current intensity and the
plasma density profile. The study demanded an adequate
choice of boundary conditions according to the specific
nature of the excitation chamber with each device:
dielectric for LPCM, and metallic with dielectric window
for INESC-MN Nordiko-3000. Discussion has focused
upon the variation of the e.m. field uniformity and of
power coupled intensity, with changes in the operating
conditions.

The devices concern: (i) a micro-hollow cathode discharge
(MHCD), running in oxygen and rare gas/oxygen mixtures
at high power densities (up to 100 kW cm-3), for the
generation of intense fluxes of O2(a1 ) metastables and
oxidative radicals (O, OH, O3); (ii) a microwave strip-line
producing high-density (>1015 cm-3), low-power (~10 W)
micro-plasmas in atmospheric air. We have concluded the
design and build-up of these devices and carried out
preliminary operation tests.

17.5. MICRO-PLASMA REACTORS6
The CFP team has started new studies involving
atmospheric pressure micro-plasmas, created by electric
discharges in very small geometries (100’s µm), in view of
developing portable devices for flue gas treatment,
biological decontamination or detection of heavy metal
gaseous traces, in ambient air or aerosols.

Figure 17.8 – Microwave micro-plasma setup

Figure 17.7 – Photo of the MHCD to MCSD transition

6

Work carried out in collaboration with V. Puech and C. Boisse-Laporte (Laboratoire de Physique des Gaz et des Plasmas, Orsay, France).
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18. OTHER ACTIVITIES OF CENTRO DE FÍSICA DE PLASMAS1

18.1. INTRODUCTION
This chapter describes other activities of “Centro de
Física dos Plasmas”, which have been carried out in
2006, related with:
• Improved Langmuir probe techniques for Plasma
Diagnostics
• Theoretical plasma and statistical physics, modeling
plasma reactors and EM propulsion.
• Participation in scientific meetings
• Collaborations with universities

In this field of research we developed a mixed,
numeric & multi-harmonic differentiation scheme:
second and fourth harmonic amplitudes of the probe
response to a test signal are measured using standard
lock-in
detections,
whose
further
numerical
differentiation enables the evaluation of second
derivatives made error-free up to the sixth order. In a
comparison with standard techniques, our
calculations show that data-acquisitions using our
scheme are typically 10,000 times faster.

18.2.
IMPROVED
LANGMUIR
PROBE
TECHNIQUES FOR PLASMA DIAGNOSTICS2,3
18.2.1. Harmonic-Numerical Combined
Differentiation
As well known, differentiating twice Langmuir probe
characteristics is an irreplaceable way to measure the
electron energy distribution function (EEDF), which can
be achieved in practice using several techniques, namely,
electronic differentiation, intermodulation, and numerical
differentiation of digitised data. Although some
techniques may be best suited for particular experimental
situations, whatever the technique is, results have
basically the same quality provided the total acquisition
time is the same. Indeed, the main constrain to a perfect
differentiation is noise, which can be reduced in an errorfree way in steady discharges by increasing the
acquisition time. The final noise level depends also on
the instrumental function of the differentiator, but any
further reduction can then be obtained only at the
expenses of an increasing distortion. As a result, since
noise is a priori an unknown function of probe bias, the
IF of differentiator should be adjusted at
measuring/calculation time in an adaptive way so that
noise and distortion are kept within an acceptable
balance.
Although the probe current noise can be measured
(which does not mean such is a common practice!),
predicting its contribution to the EEDF uncertainty is far
from straightforward because each IF has a sensitivity of
its own to different spectral regions, and noise spectra
depends on probe bias. In addition, distortion evaluation
is complicated since it requires the knowledge of higher
even-order derivatives, namely the forth, which usually
may be calculated at post-processing time only. As a
result, it is not possible to suggest a priori the best
technique for a particular discharge.

18.2.2. Data processing of tokamak probe
characteristics
Langmuir probe diagnostics in TOKAMAKs is a
challenging task for several reasons, namely, probe
integrity, accessibility vs. spatial resolution problems, the
time-dependent nature of the plasma, hence of the
measurements, and the inherent presence of an intense
magnetic field and the onset of instabilities. The latter is
the most striking source of difficulty when the probe
characteristic is differentiated for EEDF evaluation
purposes because instabilities present close-to-coherent
spectra. As a result, plasma parameters evaluation has
been constrained by rough assumptions, e.g. the
Maxwellian EEDF, probe diagnostics have been
considered unreliable, and a huge amount of probe data
collected in TOKAMAKs has never been processed.
While results from all TOKAMAK diagnostics are
not cross-linked in order to gather complete information
on how EEDFs change along time, individual diagnostic
cannot do much more than looking for “averaged”
values. Yet, it is imperative that each diagnostic keeps
also the pertinent time-dependent information so that an
overall picture may be possible in a near future.
Once we got access to probe data measured in the
CASTOR TOKAMAK, we started developing numerical
procedures intended for EEDF evaluation. The above
procedures are based on adaptive, self-tuning, narrow
band-reject filters, which drastically eliminate fluctuation
effects on the “average” without losing any information
on the fluctuation itself, and which we are in conditions
to use without noticeable result degradation due to our
previous experience on wide-FWHM filters. Hence,
should the cross-linked information mentioned in the
previous paragraph be provided in the future, we shall be
in conditions to increase the accuracy of our current
results.

1

Activities performed in the frame of the Contract of Associated Laboratory, out of the Contract of Association EURATOM/IST
Main Researcher: F.M. Dias
3
Work carried out in collaboration with Tsv. Popov (University of Sofia, Faculty of Physics, Bulgaria).
2
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The development of the One Atmosphere Uniform
Glow Discharge Plasma OAUGDPTM has made it
possible to generate purely electrohydrodynamic (EHD)
ponderomotive (body) forces. Such forces are generated
without a magnetic field and with small intensity currents
crossing the plasma. In fact, only RF displacement
currents produce the body forces that accelerate the
plasma. Two methods were devised for flow acceleration
by Roth: (i) Peristaltic flow acceleration; and (ii)
Paraelectric flow acceleration. Only the last method is
analyzed in this work.
Paraelectric flow acceleration is the electrostatic analog
of paramagnetism: a plasma is accelerated toward
increasing electric field gradients, while dragging the
neutral gas with it. Applications span from propulsion
and control systems in aeronautics, to killing any kind of
bacterium and virus. Although there is still lacking a
detailed characterization of such plasma actuators, with
only boundary layer velocity profiles measured using a
Pitot tube located 1-2 mm above the flat panel being
available, a self-consistent two-dimensional modeling of
temporal and spatial development of the OAUGDPTM in
an "airlike" gas has been developed.

Note that our procedures rely on simple, commonly
accepted assumptions that can be self-checked.
Unfortunately, probe measurements carried out in the
CASTOR TOKAMAK did not take into account the
potential drop along the electrical path, and new
measurements are not possible. As a result, for future
refinements on our current work we shall have to rely on
our own expertise to separate electron density
fluctuations from potential ones.
18.3.
THEORETICAL
PLASMA
AND
STATISTICAL PHYSICS, MODELING PLASMA
REACTORS AND EM PROPULSION4
18.3.1. Introduction
The current research interests attempt to open new fields
of research and to apply basic knowledge on plasma
physics, electromagnetism and statistical mechanics to
model devices for electromagnetic propulsion (EHD
propulsion, reaction with the vacuum). We also address
fundamental problems in plasma and statistical physics
(e.g., electric field inversion in glow discharges,
anomalous diffusion, information-theoretic formulations
of physical theories, non-markovian stochastic
processes).

5x10

18.3.2. Electromagnetic propulsion
The work on plasma modeling intends to build a
comprehensive and self-consistent model of the One
Atmosphere Uniform Glow Discharge Plasma
(OAUGDPTM). Also, due to a strong need for new forms
of propulsion, the possibility to control inertial forces for
electromagnetic propulsion purpose is being studied5.
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Figure 18.2 - Electric field along OX and OY axis near the
energized electrode at instant of time t=1.9x10-5 s, during the
first half- cycle. Same conditions as in Figure 18.1 with V=5
kV, f=5 kHz.

The OAUGDPTM and as well generically any
Dielectric Barrier Discharge, occurs in configurations
characterized by a dielectric layer between conducting
electrodes. At about 740 Volts, electron avalanches
develop, replenishing the volume above the surface with
charged particles. Hence, the charged particles are
flowing to the dielectric where they accumulate on the
surface, building-up an electric field that prevents the
occurrence of a high current, and quenches the discharge
development at an early stage. The energized electrode is
the anode and the electric field follows Aston's law, its
magnitude remaining on the order of 105 V/cm at a

Figure 18.1 – Electric current, applied voltage, gas voltage and
memory voltage as a function of time. Solid curve: current; dot
curve: Vm; dashed-dot curve: Vg; dashed curve: V. Conditions:
The simulation domain is a 2-DIM Cartesian geometry with
total length along the X- axis LX=0.4 cm and height LY=0.4
cm; the width of the dielectric surface along the X-axis is 0.3
cm. The dielectric relative permittivity is er=5; the dielectric
thickness is 0.065 cm. The electrodes thickness is supposed to
be negligible.
4

Main researcher: M. Pinheiro
This research results from a position held by Pinheiro as an Invited Research Scholar at the University of Tennessee, Knoxville, with Prof. John Reece
Roth, the inventor of the OAUGDPTM.
5
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height of 8.0x10-5 m above the electrode and attaining
lower magnitude above the dielectric surface, typically
on the order of 103 V/cm. The electric field magnitude is
strongest in region around the inner edges of the
energized electrode and dielectric surface (which is
playing during this half-cycle the role of a pseudocathode). During the avalanche development a strong ion
sheath appears. In fact, as the avalanche develops an ion
sheath expands along the dielectric surface until it
reaches the boundary. With the ion sheath travels an
electric field wave, with some similarities with a solitary
wave. The speed of its propagation in the above
conditions is about 150 m/s.

18.3.3. Investigations about the origin of inertia and
its possible manipulation
A modification of Maxwell's macroscopic fundamental
set of equations in vacuum has been proposed in order to
clarify Faraday's law of induction. Using this procedure,
the Lorentz force is no longer separate from Maxwell's
equations. The Lorentz transformations are shown to be
related to the convective derivative, which is introduced
in the electrodynamics of moving bodies. The new
formulation is in complete agreement with the actual set
of Maxwell's equations for electromagnetic systems at
rest.
Heinrich Hertz was the first to propose a similar
electrodynamic theory of moving bodies, although its
interpretation was based on the existence of the so called
"aether". It is shown that a new force of induction should
act on a circuit moving through an inhomogeneous vector
potential field. This overlooked induction force is related
to the Aharanov-Bohm effect, but can also be related to
the classical electromagnetic field when an external
magnetic field is acting on the system. The origin of the
inertial property of matter is investigated. We conclude
that electron mass has a complete electromagnetic origin.
This opens the possibility to manipulate inertial mass,
and we suggest some protocols, with possible
implications for electromagnetic propulsion.
18.3.4. Electric Field Reversal in Glow Discharges
The phenomena of electric field reversal in the negative
glow of a dc discharge have been discussed since a long
time in literature. We developed a simple dielectric-like
model of a plasma-sheath system in order to obtain more
information about the fundamental properties related to
field inversion phenomena in the frame of a dielectric
model. It is obtained a simple analytical dependence of
the axial location where field reversal occurs in terms of
macroscopic parameters. In addition, it is obtained the
magnitude of the minimum electric field inside the
through, the trapped well length, and the trapping time of
the slow electrons into the well. We emphasize in
particular the description of the dielectric behavior and
do not contemplate plasma chemistry and plasma-surface
interactions. Besides to constitute a contribution to a
better understanding of the phenomenology, the
analytical results hereby obtained could be useful for
hybrid fluid-particle models since simple criteria can be
applied to accurately remove electrons from the
simulations.

Figure 18.3 – Calculated space averaged ponderomotive forces
per unit volume as a function of time. Solid curve: Fx; dot
curve: Fy. Same conditions as in Figure 18.1.

This code will help to design an advanced propulsion
system, achieving flow control in boundary layers and
over airfoils by EHD means, with numerous advantages
over conventional systems.

18.3.5. Anomalous Diffusion in Cold Magnetized
Plasmas
We have been investigating the possibility that a basic
mechanism, in fact a kind of electric circuital
mechanism, could be the cause of the so called charged
particles anomalous diffusion transport in cold
magnetized plasma. This novel mechanism for
anomalous diffusion transport is based on the coupled
action of conductive walls (excluding electrodes)

Figure 18.4 – Space averaged gas speed as a function of time.
The straight solid line is a linear fit showing the increase of gas
speed with time. Same conditions as in Figure 18.1.
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18.3.7. Non-Markovian Stochastic Methods
We apply a non-markovian stochastic model to study the
process of a particle moving in a straight line, jumping
from one site to another and, in the meanwhile, subject to
a random interaction and keeping memory of its
"history". One senses in this model a heuristic content
which might in fact bring us closer to an understanding
of the essence of the matter. In fact, it is found that a
structurally very simple expression of the particle's
energy prevails. To demonstrate its meaning some
phenomena are analyzed, such as the generation of the
inertial property of matter in the framework of the
Haisch-Rueda-Puthoff inertial mass theory, Browniantype computers, and the build-up of regular geometrical
patterns.

bounding the plasma drain current (edge diffusion), or at
the plasma core the current drain leaving the control
volume, together with the magnetic field flux "cutting"
the surface traced by the charged particles. The proposed
mechanism is expected to be valid in regimes when
plasma diffusion scales as Bohm diffusion and at high
B/N, when collisions are of secondary importance.

18.4.
PARTICIPATION
IN
SCIENTIFIC
MEETINGS
 Several members of the CFP staff gave 34 invited
talks in scientific meetings.
 Several members of the CFP staff gave 16 oral
presentations in scientific meetings.

Figure 18.5 – Comparison between numerical results for 5000
Hx obtained by Monte Carlo simulations of electron transport
in crossed electric and magnetic rf fields in argon and our
theoretical model. Dashed line:external time-dependent
magnetic field.

18.5. COLLABORATION WITH UNIVERSITIES
In the framework of its research programme Centro de
Física de Plasmas has collaborated with several
universities:
- Politécnico di Turino (Italy);
- European Space Agency;
- University of California Los Angeles (USA);
- University of Southern California (USA);
- California Institute of Technology (USA);
- University of Rochester (USA);
- University of Umea (Sweden);
- University of Strathclyde (UK);
- Central
Laser
Facility/Rutherford
Appleton
Laboratory (UK);
- École Polytechnique (France);
- Imperial College (UK);
- University of Paris (France);
- Université Joseph Fourier de Grenoble (France);
- École des Mines de Nancy (France);
- Nagoya University (Japan);
- Université Paul Sabatier (France);
- Universidad de Sevilla (Spain).

Figure 18.6 – Schematic diagram of the plasma boundary
connected to the common circuit through conducting walls.

18.3.6.
Glow
Discharge
Optical
Emission
Spectroscopy6
Glow discharge emission spectroscopy combines
sputtering with atomic and molecular emission for a fast
and sensitive analysis of a glow discharge. Our project
aims to study the sensitivity of argon plasma to the
addition of a small percentage of hydrogen, nitrogen, or
water vapor.
6

Work carried out in collaboration with Zoltán Donkó (Research Institute for Solid State Physics and Optics, Budapest, Hungary), and Nuno Pinhão
(Instituto Tecnológio Nuclear, Sacavém, Portugal, on the framework of a Project GRICES/OTKI)
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19. PUBLICATIONS, LABORATORIAL PROTOTYPES, PRIZES AND AWARDS

19.1. MAGNETIC FUSION
19.1.1. Master thesis
• “Plataforma multi-utilizador para o controlo e aquisição de
dados remotos do ISTTOK”
André Cabrita Neto
Instituto Superior Técnico, Universidade Técnica de Lisboa,
2006.
19.1.2. Articles in scientific journals
• “Two-dimensional turbulence analysis using high-speed
visible imaging in TJ-II edge plasmas”
Alonso, J.A., S.J. Zweben, J.L. de Pablos, E. de la Cal, C.
Hidalgo, T. Klinger, B. Ph. Van Milligen, M.A. Pedrosa, C.
Silva, H. Thomsen
Fusion Science and Technology, 50, (2), 301, 2006
•

•

•

•

•

“Impact of different confinement regimes on the twodimensional structure of edge turbulence”
Alonso, J.A., S.J. Zweben, P. Carvalho, J.L. de Pablos, E. de
la Cal, C. Hidalgo, T. Klinger, B. Ph van Milligen, R.J.
Maqueda, M.A. Pedrosa, C. Silva, M. Spolaore, H. Thomsen
and the TJ-II team
Plasma Physics and Controlled Fusion, 48, (12B), B465, 2006
“Ion Beam Characterisation of ODS Steel Samples after Long
Term Annealing Conditions”
Alves, L.C., E. Alves, A. Paúl, M. R. da Silva, J. A. Odriozola
Nucl. Inst. & Meth. B249, 493-496, 2006
“H-mode access in the low density regime on JET”
Andrew, Y., R. Sartori, E. Righi, E. de la Luna, S. Hacquin,
D.F. Howell, N.C. Hawkes, L.D. Horton, A. Huber, A.
Korotkov, M.G.O’Mullane and JET-EFDA contributors.
Plasma Physics and Controlled Fusion, 48, (4), 479, 2006
“Summary of the International Energy Agency Workshop on
burning plasma physics and simulation, July 4-5, 2005”
Appel, L. Baylor, G. Bindslev, R. Budny, D. Coster, A.
Costley, A. Donné, A. Fasoli, J. Ferron, M. Firpo, N. Fisch, R.
Fonck, B. Gonçalves, N, Gorelenkov, S. Guenter, K.
Hammamatsu, R. Hawryluk, T. Hellsten, S. Jardin, A. Jaun, C.
Kessel Jr., A. Kritz, W. Lee, J. Lister, P. Martin, F. Meo, Y.
Miura, D. Moreau, J.-M. Noterdaeme, M. Okabayashi, T.
Osborne, T. Ozeki, M. Peng, V. Plyusnin, M. Porkolab, R.
Raman, M. Sasao, M. Schneider, J. Snipes, E. Solano, D.
Stork, E. Strait, M. Takechi, H. Takenaga, Y. Todo, N. Uckan,
G. Vlad, M. Watkins, J. Wesley.
Fusion Science and Technology, 49, (1), 79, 2006
“ATCA digital controller hardware for vertical stabilization of
plasmas in tokamaks”
Batista, A. J. N., J. Sousa, and C. A. F. Varandas
Review of Scientific Instruments, 77, 10, F527, 2006
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•

“An FPGA – based multi-rate interpolator with real-time
rate change for a JET test-bench system”
Batista, A.J.N., D. Alves, N. Cruz, J. Sousa, C.A.F.
Varandas, E. Joffrin, R. Felton, J. Farthing and JET-EFDA
Contributors
IEEE Transactions on Nuclear Science, 53, 3, 756, 2006

•

“Explanation of the JET n = 0 chirping mode”
Berk, H.L., C.J. Boswell, D. Borba, A.C.A. Figueiredo, T.
Johnson, M.F.F. Nave, S.D. Pinches, S.E. Sharapov and JET
EFDA contributors
Nuclear Fusion, 46, 10, S888, 2006

•

“On alias-free discrete time Wigner distributions for timefrequency analysis of fusion plasma signals: application to
JET magnetic activity data”
Bizarro, J.P.S., A.C.A. Figueiredo and JET EFDA
Contributers
Nuclear Fusion, 46, 5, 645, 2006

•

“Neutron profiles and fuel ratio nT/nD measurements in JET
ELMy H-mode plasmas with tritium puff”
Bonheure, G., S. Popovichev, L. Bertalot, A. Murari, S.
Conroy, J. Mlynar, I. Voitsekhovitch and JET-EFDA
contributors
Nuclear Fusion, 46, 7, 725, 2006

•

“Confinement transitions (H-mode) in JET inner wall limiter
plasmas”
Borba, D., B. Alper, G.D. Conway, I. Nunes, S. Hacquin,
D.C. McDonald, G. Maddison, P. Lomas, S.D. Pinches and
the JET EFDA contributors.
Plasma Physics and Controlled Fusion, 48, (6), 757, 2006

•

“Study of slow n=1, m=1 reconnection in JET discharges
with low central magnetic shear”
Buratti, P., B. Alper, S.V. Annibaldi, A. Becoulet, P. Belo, J.
Bucalossi, M. de Baar, P. de Vries, D. Frigione, C.
Gormezano, E. Joffrin, P. Smeulders and JET-EFDA
contributors
Plasma Physics and Controlled Fusion, 48, (7), 1005, 2006

•

“Automatic disruption classification at JET: comparison of
different pattern recognition techniques”
Cannas, B., F. Cau, A. Fanni, P. Sonato, M.K. Zedda and
JET EFDA contributors
Nuclear Fusion, 46, 7, 699, 2006

•

"Random sampling in chirp space"
Carlen, E. and R. Vilela Mendes
arXiv:math.PR/0611608

•

“Spectral broadening of lower hybrid waves produced by
parametric instability in current drive experiments of tokamak
plasmas”
Cesario, R., A. Cardinali, C. Castaldo, F. Paletti, W.
Fundamenski,
S.
Hacquin
and
the
JET-EFDA
workprogramme contributers
Nuclear Fusion, 46, 4, 462, 2006

•

“Identification of local Alfvén wave resonances with
reflectometry as a diagnostic tool in tokamaks”
Elfimov, A.G., L.F. Ruchko, R.M.O. Galvão, J.I. Elizondo,
E. Sanada, Yu. K. Kuznetsov, A.N. Fagundes, W.P. de Sá,
C.A.F. Varandas, M.E. Manso, P. Varela, A. Silva and A.A.
Ivanov
Nuclear Fusion, 46, 9, S722, 2006

•

“Overview of material re-deposition and fuel retention studies
at JET with the Gas Box divertor”
Coad, J.P., J. Likonen, M. Rubel, E. Vainonen-Ahlgren, D.E.
Hole, T. Sajavaara, T. Renvall, G.F. Matthews and JET EFDA
Contributors
Nuclear Fusion, 46, 2, 350, 2006

•

“Velocity shear layer measurements by reflectometry in TJII plasmas”
Estrada, T., E. Blanco, L. Cupido, M.E. Manso and J.
Sánchez
Nuclear Fusion, 46, 9, S792, 2006

•
•

“The effect of ECRH on the electron velocity distribution
function”
Coda, S., I. Klimanov, S. Alberti, G. Arnoux, P. Blanchard, A.
Fasoli and the TCV team.
Plasma Physics and Controlled Fusion, 48, (12B), B359, 2006

“On limitations of the spectrogram in the representation of
the amplitude of nonstationary fusion plasma signals”
Figueiredo, A. C. A., J. P. S. Bizarro and JET EFDA
contributors
Review of Scientific Instruments 77, 10, F509, 2006

•
•

“Upgrade of the data acquisition and control system of the
ASDEX Upgrade microwave reflectometer”
Combo, A., A. Silva, P. Varela, M. Manso, J. Sousa, C.
Correia and C.A.F. Varandas
IEEE Transactions on Nuclear Science, 53, 3, 918, 2006

“A model of ELM filament energy evolution due to parallel
losses”
Fundamenski, W., R. A. Pitts and JET EFDA contributers.
Plasma Physics and Controlled Fusion, 48, (1), 109, 2006

•

•

“Observations on core turbulence transitions in ASDEX
Upgrade using Doppler reflectometry”
Conway, G.D., C. Angioni, R. Dux, F. Ryter, A.G. Peeters, J.
Schirmer, C. Troester, CFN Reflectometry Group and the
ASDEX Upgrade team
Nuclear Fusion, 46, 9, S799, 2006
“Tritium retention in next step devices and the requirements
for mitigation and removal techniques”
Counsell, G., P. Coad, C. Grisola, C. Hopf, W. Jacob, A.
Kirschner, A. Kreter, K. Krieger, J. Likonen, V. Philipps, J.
Roth, M. Rubel, E. Salancon, A. Semerok, F.L. Tabares, A.
Widdowson and JET EFDA contributers
Plasma Physics and Controlled Fusion, 48, (12B), B189, 2006

•

"JET real-time project test-bench software structure"
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Pereira, A. Combo, N. Cruz e os contributos do JET-EFDA

•

“Emissive Probe Measurements on ISTTOK”
Balan, P. C. Ioni Ya, R. Schrittwieser, C. Silva, H.F.C.
Figueiredo, C.A.F. Varandas, J.J. Rasmussenc e V. Naulinc

•

“Coupling studies of the C3 Tore Supra LH multijunction”
Belo, J.H., Ph. Bibet e D. Voyer

•

“Non-linear growth of marginally unstable tearing modes”
Coelho, R.

•

“Localization of MHD and fast particles modes in ASDEX
Upgrade using reflectometry”
Graça, S., G.D.Conway, M.Maraschek, K.Sassenberg,
S.Guenter, P.Lauber, S.Pinches, D.Borba, L.Cupido, L.
Meneses, A. A. Ferreira, F.Serra, M.E.Manso e a Equipa
ASDEX-Upgrade

•

“New X-mode Reflectometry Measurements of Alfvén
Eigenmodes on JET”
Hacquin, S., S. Sharapov, B. Alper, C. Challis, L. Cupido, A.
Meigs, L. Meneses, I. Nunes and JET EFDA contributors

•

“Integrated Tokamak Modelling Taskforce: The Integrated
Modeling Project on Equilibrium and Linear MHD
Stability”.
Huysmans, G.T.A., L. Appel, A. Bécoulet, B. Guillerminet,
C. Konz, H. Leggate, J.B. Lister, H. Lutjens, P.J. Mc Carthy,
M.F.F. Nave, O. Sauter, E.R. Solano, P. Strand, E.
Strumberger, L. Villard, W. Zwingmann e os contributos da
EFDA Integrated Tokamak Modelling Task Force

•

“Dynamics of the edge barrier collapse in intrinsic and pellet
triggered ELMs”
Lang, P.T., L. Fattorini, S. da Graça, S. Kalvin, G. Kocsis,
M.E. Manso, M.Maraschek, J. Neuhauser, A. Silva,
W.Suttrop, P. Varela, E. Wolfrum e a Equipa ASDEXUpgrade

•

“Neoclassical tearing modes and fast ions confinement in
ASDEX Upgrade”
Martin, P., W. Bobkov, G. Conway, U. Fahrbach, A. Flaws,
M. Garcia Muñoz, M. Gobbin, S. Graça, S. Günter, V.
Igochine, K. Lackner, M. Maraschek, L. Marrelli, P. Piovesan,
K. Sassenberg, E. Strumberger, W. Suttrop, H. Zohm aand the
ASDEX Upgrade Team and the AUG ICRF Group

•

“Predictive modelling of external kink modes with low
toroidal mode numbers”
Nave, M. F. F., G.Huysmans, J-S. Lonnroth, J. Hastie,
V.Parail e os contributos do JET-EFDA

•

“Drift wave turbulence studies on the effect of limiter/divertor
plates positioning”
Ribeiro, T.T., B. Scott e F. Serra

•

"Recent results on turbulence and MHD activity achieved by
reflectometry"
Sabot, R., F. Clairet, G.D. Conway, X. Garbet, G. Falchetto,
T. Gerbaud, S. Hacquin, P. Hennequin,S. Heuraux, C. Honoré,
G. Leclert, A. Sirinelli, L. Vermare, A. Truc

•

“A characterisation of Alfvénic instabilities at ASDEX
Upgrade and its use in the reconstruction of current density
profiles”
Sassenberg, K., M.Maraschek, P.McCarthy, H.Zohm,
S.Guenter, M.García-Muñoz, S.Da Graca, W.Bobkov e a
Equipa ASDEX-Upgrade

•

“Importance of sheared ExB flows on the control of the
ISTTOK turbulent transport”
Silva, C., H. Figueiredo, I. Nedzelskiy, B. Gonçalves e C. A.
F. Varandas

•

48th Annual Meeting of APS Division of Plasma Physics,
Philadelphia, Pennsylvania, USA, Oct. 30-Nov. 3, 2006
• "Giant sawtooth stability and core-localized fluctuations in
JET plasmas"
Kramer, G., F. Nave, R. Nazikian, D. Darrow, K. Hill, E.
Mazzucato, M. de Baar, V. Kiptily, S. Pinches, S. Sharapov,
E. Rachlew, M. Reich, S. Hacquin, F. Nabais, F. Cecil and
JET EFDA contributors

“A Standard Data Access Layer for Fusion Devices”
Neto, A., H.Fernandes, D. Alves, D.F. Valcárcel, J.Vega,
E.Sánchez, A.Peña, M.Hron, C.A.F. Varandas

•

“XML Diagnostics Description Standard”
Neto, A., J.B.Lister, H. Fernandes, I. Yonekawa, C.A.F.
Varandas

•

Plasma rotation in JET discharges with low momentum
input
Nave, M.F.F., L.–G.Eriksson, T.Hellsten, J.Brzozowski,
B.Alper, R.Barnsley, C.Giroud, K-D.Zastrow and JET
EFDA contributors

•

"Energetic ion-driven instabilities on JET and on MAST"
Sharapov, S., B. Alper, V. Kiptily, S. Hacquin, C. Schlatter,
H. Berk, D. Borba, C. Boswell, B. Breizman, C. Challis, M.
de Baar, N. Hawkes, T. Johnson, E. Joffrin, A. Klein, H.
Leggate, M-L. Mayoral, S. Pinches, M. Reich, P. Sandquist,
JET EFDA contributors, M. Gryaznevich, G. Cunningham,
H. Meyer, S. Shibaev, J. Storrs, M. Tournianski and the
MAST and NBI Teams

21st Fusion Energy Conference, Chengdu, China, 13-21 October
2006
• “Interpretation of Mode Frequency Sweeping in JET and
NSTX”
Berk, H. L., C. J. Boswell, D. Borba, B. N. Breizman, A. C.
A. Figueiredo, E. D. Fredrickson, N. N. Gorelenkov, R. W.
Harvey, W. W. Heidbrink T. Johnson, S. S. Medley, M. F. F.
Nave, S. D. Pinches, E. Ruskov, S. E. Sharapov, R. G. L.
Vann, and JET EFDA contributors;

24th Symposium on Fusion Technology, SOFT 2006, Warsaw,
Poland, 11 - 15 September 2006
• "JET New Diagnostic Capability on the route to ITER"
Murari, A., T.Edlington, J.Brzozowski, E. de La Luna,
P.Andrew, G.Arnoux, F.E.Cecil, L.Cupido, D.Darrow,
V.Kiptily, J.Fessey, E.Gauthier, S.Hacquin, K.Hill, A.Huber,
T.Loarer, K.McCormick, M.Reich and JET-EFDA
Contributors
•

“FireSignal – Data Acquisition and Control System
Software”
Neto, A., H. Fernandes, A. Duarte, B.B. Carvalho, J. Sousa,
D.F. Valcárcel, M.Hron, C.A.F. Varandas
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•

“Fast particle physics on ASDEX Upgrade – interaction of
energetic particles with large and small scale instabilities”
Günter, S., G. Conway, C. Forest, U. Fahrbach, S. Graça, T.
Hauff, J. Hobirk, V. Igochine, F. Jenko, K. Lackner, P.
Lauber, P. Mc Carthy, M. Maraschek, P. Martin, M. Garcia
Muñoz, E. Poli, K. Sassenberg, E. Strumberger, H. Zohm,
ASDEX Upgrade team

•

“On the link between edge momentum redistribution and
turbulence in the TJ-II stellarator”
Hidalgo, C., J.A. Alonso, P. Carvalho, A.A. Chmyga, J.L. de
Pablos, L. Eliseev, T. Estrada, B. Gonçalves, S.M. Khrebtov,
A.D. Komarov, A.S. Kozachok, L. Krupnik, A.V. Melnikov,
R. Orozco, M.A. Pedrosa, S.V. Perfilov, E. Sánchez, C.
Silva, M. Spolaore, S. Zweben, and TJ-II team

•

“Turbulence Modelling of JET SOL Plasma”
Naulin, V., W. Fundamenski, A.H. Nielsen, J. Juul
Rasmussen, O.E. Garcia, B. Gonçalves, C. Hidalgo, M.
Hron, and JET-EFDA contributors

•

•

•

In IMP4 Working Session on Edge Turbulence”, RISOE
National Laboratory, Denmark, March 2006;

“Transport and fluctuations during electrode biasing
experiments on the TJ-II stellarator”
Pedrosa, M.A., C. Silva, C. Hidalgo, K. McCarthy, B.
Gonçalves, J. Herranz, I. Pastor and the TJ-II Team
Integrated Modelling of Sawtooth Oscillations in Tokamak
Plasmas
Porcelli, F., G. Bateman, L.-G. Eriksson, D. Grasso, J. Graves,
T. Hellsten, G. Huysmans,T. Johnson, A. Kritz, H. Lütjens,
M.-L. Mayoral, M.F. Nave, C. N. Nguyen, A. Pankin, Perona,
S. D. Pinches, P. Sandquist, O. Sauter, S. Sharapov, I.
Voitsekhovich, F. Zonca, contributors to JET EFDA
“Development of Alfvén Spectroscopy in Advanced Scenarios
on JET”
Sharapov, S.E., B.Alper, Yu.F.Baranov, H.L.Berk, D.Borba,
C.Boswell, B.N.Breizman, C.D.Challis, M.de Baar, P.de
Vries, S.Hacquin, N.C.Hawkes, V.G.Kiptily, H.R.Koslowski,
J.Mailloux, M.Nave , S.D.Pinches, P.Sandquist,
N.P.Young , and JET EFDA Contributors

19.1.4. Invited talks in international conferences
• “Transition from edge to SOL: Gyrofluid turbulence studies
with self-consistent equilibrium”
Tiago Ribeiro
14th European Fusion Physics Workshop on Computational
Plasma Physics for ITER and beyond, Gréoux-Les-Bains,
France, December 2006;
•

“Tokamak equilibria with toroidal current reversal:
properties and computational issues”
Paulo Rodrigues
Joint Varenna-Lausanne International Workshop on Theory of
Fusion Plasmas, August 28 – September 1, 2006 Varenna,
Italy;

19.1.5. Oral presentations in international conferences
• “Gyrofluid turbulence studies on the effect of limiter location”
Tiago Ribeiro
IAEA Large tokamak IA Workshop on Edge Transport in
Fusion Plasmas, Cracovia, Poland, September 2006.
•

•

“Interfacing multi-party videoconference
acquisition and control”
Francisco Reis
Joint Experiment, Moscow, September 2006;

with

“Interfacing multi-party videoconference
acquisition and control”
André Neto
Joint Experiment, Moscow, September 2006;

with

“GEM/GEM3 models for edge and SOL turbulence studies”
Tiago Ribeiro,
Edge Physics Meeting, JET, Culham UK, February 2006;

•

“Edge & SOL turbulence with self-consistent equilibrium:
effect of single/double limiter configuration”
Tiago Ribeiro
Ringberg Theory Meeting, Germany, November 2006;

•

“Tools for time-frequency analysis and correlation
reflectometry analysis in JET”
António Figueiredo
JET Task Force D meeting, Culham, UK, November 2006;

•

“Application of neural networks to reflectometry density
profile evaluation for plasma position and shape control
purposes”
Jorge Santos
Edge Forum, Max-Planck Institut fuer Plasmaphysik,
Garching, May 2006;

•

“Preliminary sawtooth simulations with the JETTO code”
Maria Filomena Nave
Sawtooth Meeting, ITM EU TF, JET, UK, Feburary 2006;

•

“Predictive modeling of external kink modes with low
toroidal mode numbers”
Maria Filomena Nave
Code Management Group Meeting, JET, UK, Feburary
2006;

•

“MHD support for TFH: maximization of LH power on
ELMs”
Maria Filomena Nave
TFM Meeting, JET, UK, May 2006;

•

“Using MHD as a diagnostic for rotation”
Maria Filomena Nave,
TFH Meeting, JET, UK, May 2006;

•

“MHD support for TFH: coupling of high power LH in ITB
plasma at high triangularity”
Maria Filomena Nave
TFM Meeting, JET, UK, May 2006;

•

“Effect of tornado modes on fast protons – report on
experiment”
Maria Filomena Nave
THM Meeting, JET, UK, June 2006;

•

“MHD analysis work - report”
Maria Filomena Nave,
TFM Meeting, JET, UK, June 2006;

•

“MHD support for TFH: maximization of LH power on
ELMs”
Maria Filomena Nave
THM Meeting, JET, UK, June 2006;

data

data

19.1.6. Seminaries abroad
• “Portuguese participation in the EURATOM Fusion
Programme”
Carlos Varandas
In a meeting concerning the collaboration between Portugal
and Bulgaria, Sofia, November 2006.
•

•

“Edge vs. SOL turbulence studies”
Tiago Ribeiro
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•

“MHD support for TFH: coupling LH in hybrid scenarios at
high triangularity”
Maria Filomena Nave
TFM Meeting, JET, UK, October 2006;

•

“MHD support for TFH: feedback control on sawtooth period
by using a variable ICRF frequency or extreme shape
controller to vary the location of the RF resonance relative to
the q=1 surface during ICCD”
Maria Filomena Nave
TFM Meeting, JET, UK, November 2006;

19.1.7. Invited talks in nacional meetings
• “Nuclear Fusion: an Energy for the Future”
Fernando Serra
“A portrait of state-of-the-art research at the Technical
University of Lisbon”, IST, June 2006;
•

“Energia Nuclear – Desenvolvimento e situação na União
Europeia”
Carlos Varandas
“Crise do Petróleo – Estratégias de Resposta”, Lisbon, 19
May, 2006;

•

“MHD support for TFS2: optimization of hybrid advanced
regime with electron heating”
Maria Filomena Nave
TFM Meeting, JET, UK, November 2006;

•

“ As Tecnologias Nucleares”
Carlos Varandas
“Energia e Desenvolvimento Sustentável”, FLAD, 13
December 2006;

•

“MHD support for TFH: fundamental ICRF heating of the
majority ions”
Maria Filomena Nave
TFM Meeting, JET, UK, November 2006;

•

“Fusão Nuclear: Uma opção de futuro?”
Carlos Varandas
“Energia sem Limites”, Tomar, 10 March 2006;

•
•

“Toroidal rotation in JET ohmic and icrh plasmas”
Maria Filomena Nave
TFH Meeting, JET, UK, November 2006;

“As energias do Presente e do Futuro”
Carlos Varandas
“Conferência Naciona de Física”, Aveiro, September 2006;

•
•

“MHD support for TFH: plasma rotation with low or no
external momentum source TFM Meeting”
Maria Filomena Nave,
JET, UK, December 2006;

“Fusão Nuclear: uma Fonte de Energia para o Futuro”
Luís Cupido
“Fórum Física e Energia”, Aveiro, 26 May, 2006;

•

“Fusão Nuclear: uma Nova Tecnologia Energética”
Carlos Varandas
“Fórum da Energia”, Lisbon, 24 November 2006;

•

“Motional stark effect (MSE) real-time signal processing
using recursive filtering”
Rui Coelho
TF-D Meeting, June 2006;

•

“Motional stark effect (MSE) real-time signal processing”
Rui Coelho
Internal plasma control coordination Meeting, December
2006;

•

“FireSignal – toward remote participation”
Horácio Fernandes
IAEA, Viena, May 2006;

•

“Data acquisition control system software”
André Neto
Prague, March 2006;

•

•

19.1.8. Papers in nacional conferences
15ª Conferência Nacional de Física, Aveiro, 4-7 de Setembro de
2006
• “Fonte bipolar de elevada corrente para controlo em temporeal da posição do plasma no tokamak ISTTOK”
Carvalho, I.S., D.F. Valcárcel, H. Fernandes, B.B. Carvalho,
C.A.F. Varandas

“Shared data access system”
André Neto
Prague, March 2006;

•

Diagnóstico de tomografia em tempo-real no tokamak
ISTTOK”
Carvalho, P.J., H. Fernandes, T. Pereira, R. Coelho, C. Silva,
C.A.F. Varandas

•

“Sistema genérico de controlo, aquisição e partilha de
dados”
Duarte, A.S., H. Fernandes, A. Neto, B.B. Carvalho, D.F.
Valcárcel, C.A.F. Varandas

•

“Estudo de instabilidades induzidas por partículas rápidas
no tokamak ASDEX Upgrade”
Graça, S., G.D. Conway, M. Maraschek, L. Cupido, F. Serra,
M.E. Manso, Grupo de Reflectometria do CFN e equipa do
ASDEX Upgrade.

•

“As enegias do presente e do futuro”
Varandas, C.A.F.

“Alfvén modes and energetic particles on JET“
Duarte Borba
14th European Fusion Physics Workshop, Greoux-les-bains,
December 2006.
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4º Congresso da Administração Pública, 3 de Novembro de 2006
• "Aplicação de Video-conferência Multi-utilizador ao
Ecosistema da Administração Pública".
Reis, F., H. Fernandes e A. Neto.

•

19.1.9. Laboratorial prototypes
• Fernandes, H., ISTTOK Bolometry tomography diagnostic;
• Pereira, T., Photodiode amplifier for single spectral line filters;
• Fortunato, J., IO Controller for vacuum and gas injection
operation;
• Carvalho, I., Fast switching current power supplies for plasma
control;
• Duarte, A., Midlleware hardware client for FireSignal (written
in Python)

19.2.3. Articles in scientific journals
• “Dust acoustic solitary waves in a quantum plasma”
Ali S, Shukla PK,
Physics of Plasmas 13, 022313, 2006

19.2. TECHNOLOGIES OF PLASMAS AND LASERS
19.2.1. Ph.D thesis
• “From superconductive metastability to Lorentz symmetry
breaking: phenomenology of scalar fields and beyond”,
Jorge Páramos,
June 2006, Instituto Superior Técnico, Universidade Técnica
de Lisboa. Scientific advisor: Orfeu Bertolami.
19.2.2. Book chapters
• “Large-Scale Microwave Plasma Sources”
Dias, F. M., E. Tatarova, J. Henriques, C. M. Ferreira
Microwave Discharges: Fundamentals and Applications (Yu.
A. Lebedev ed. ISBN 5-8037-0343-5), Yanus-K, Moscow,
Russia 2006, 159-68
•

•

“Hot anisotropic electron population in a low-pressure
coaxial microwave discharge”,
Letout, S., P. Leprince, L. Teulé-Gay, L.L. Alves and C.
Boisse-Laporte,
Microwave Discharges: Fundamental and Applications (Yu.
A. Lebedev ed., ISBN 5-8037-0343-5), Yanus-K, Moscow,
Russia 2006, pp. 51-56
“A collisional-radiative model for an atmospheric pressure
microwave argon plasma”,
Alvarez, R., A. Rodero, M.C. Quintero and S. Rubio,
Microwave Discharges: Fundamental and Applications (Yu.
A. Lebedev ed., ISBN 5-8037-0343-5), Yanus-K, Moscow,
Rússia 2006, pp. 73-78

•

“2D electromagnetic model of a microwave plasma torch
reactor”,
Álvarez, R., A. Rodero, M.C. Quintero and L.L. Alves,
Microwave Discharges: Fundamental and Applications (Yu.
A. Lebedev ed., ISBN 5-8037-0343-5), Yanus-K, Moscow,
Rússia 2006, pp. 79-82

•

“Axial distribution of temperatures and species in the axial
injection torch during the trichloroethylene destruction”,
Rubio, S., A. Rodero, M.C. Quintero and R. Álvarez,
Microwave Discharges: Fundamental and Applications (Yu.
A. Lebedev ed., ISBN 5-8037-0343-5), Yanus-K, Moscow,
Rússia 2006, pp. 145-148

“New features on surface-wave discharges: boundary
phenomena and power deposition”,
Alves, L.L., S. Letout, C. Boisse-Laporte and P. Leprince,
Microwave Discharges: Fundamental and Applications (Yu.
A. Lebedev ed., ISBN 5-8037-0343-5), Yanus-K, Moscow,
Russia 2006, pp. 177-186
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•

“Dispersion properties of compressional electromagnetic
waves in quantum dusty magnetoplasmas”
Ali S, Shukla PK,
Physics of Plasmas 13, 052113, 2006

•

“Potential distributions around a moving test charge in
quantum plasmas”
Ali S, Shukla PK,
Physics of Plasmas 13, 102112, 2006

•

“Observational constraints on modified gravity models and
the Poincare dodecahedral topology”
Bento MC, Bertolami O, Reboucas MJ, Santos NMC,
Physical Review D 73, 103521 (2006).

•

“Generalized Chaplygin gas model, supernovae and cosmic
topology”
Bento MC, Bertolami O, Reboucas MJ, Silva PT,
Physical Review D 73, 043504 (2006).

•

“Lorentz symmetry derived from Lorentz violation in the
bulk”,
Bertolami, O., Carvalho C,
Physical Review D 74, 084020, 2006.

•

“Chaplygin inflation”
Bertolami, O, Duvvuri V,
Physics Letters B 640, 121, 2006

•

“Quantum and classical divide: The gravitational case”
Bertolami,O, Rosa JG,
Physics Letters B 633, 111, 2006.

•

“Scaling of variables and the relation between
noncommutative parameters in noncommutative quantum
mechanics”,
Bertolami, O, Rosa JG, Aragão CML, Castorina P, Zappala
D,
Modern Physics Letters A 21, 795, 2006.

•

“Gamma-ray bursts as dark energy-matter probes in the
context of the generalized Chaplygin gas model”,
Bertolami, O, Silva PT,
Monthly Notices of the Royal Astronomical Society 365,
1149 (2006).

•

“Pioneer anomaly and the Kuiper Belt mass distribution”,
Bertolami, O, Vieira P,
Classical and Quantum Gravity 23, 4625 (2006).

•

“Transverse spatial improvement of a transiently pumped softx-ray amplifier”,
Cassou, K., Zeitoun Ph, Velarde P, Roy F, Ogando F, Fajardo
M, Faivre G, Ros D,
Physical Review A 74, 045802, 2006.

•

“35 J broadband femtosecond optical parametric chirped
pulse amplification system”,
Chekhlov O.V., Collier JL, Ross IN, Bates PK, Notley M,
Hernandez-Gomez C, Shaikh W, Danson CN, Neely D,
Matousek P, Hancock S, Cardoso L,
Optics Letters 31, 3665, 2006.

•

“The Alfvén limit revisited and its relevance to laser-plasma
interactions”,
Davies, J.R,
Laser and Particle Beams 24, 299, 2006

•

“Electron beam hollowing in laser-solid interactions”,
Davies, J.R, Green JS, Norreys PA,
Plasma Physics and Controlled Fusion 48, 1181, 2006

•

“Hose instability and wake generation by an intense electron
beam in a self-ionized gas”,
Deng, S., Barnes CD, Clayton CE, O'Connell C, Decker FJ,
Fonseca RA, Huang C, Hogan MJ, Iverson R, Johnson DK,
Joshi C, Katsouleas T, Krejcik P, Lu W, Mori WB, Muggli P,
Oz E, Tsung F, Walz D, Zhou M,
Physical Review Letters 96, 045001, 2006.

•

•

•

“Intercomparison of spectroradiometers and Sun photometers
for the determination of the aerosol optical depth during the
VELETA-2002 field campaign”,
Estellés, V., Utrillas MP, Martínez-Lozano JA, Alcántara A,
Alados-Arboledas L, Olmo FJ, Lorente J, de Cabo X,
Cachorro V, Horvath H, Labajo A, Sorribas M, Díaz JP, Díaz
AM, Silva AM, Elías T, Pujadas M, Rodrigues JA,
Journal of Geophysical Research 111, D17207, 2006.
“Second generation X-ray lasers”,
Fajardo, M., Zeitoun P, Faivre G, Sebban S, Mocek T, Hallou
A, Aubert D, Balcou P, Burgy F, Douillet D, Mercere P,
Morlens AS, Rousseau JP, Valentin C, Kazamias S, de
Lacheze-Murel G, Lefrou T, Merdji H, le Pape S, Ravet MF,
Delmotte F, Gautier J,
Journal of Quantitative Spectroscopy & Radiative Transfer 99,
142, 2006
“Baryon loading and the Weibel instability in gamma-ray
bursts”,
Fiore, M., Silva LO, Tzoufras M, Ren C, Mori WB,
Monthly Notices of the Royal Astronomical Society 372,
1851, 2006.
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•

“On the consistency between the assumption of a special
system of reference and special relativity”
Guerra, V., and R. de Abreu,
Found. Phys. 36, 1826, 2006

•

“Theoretical investigation of the influence of the wall
temperature on the probability for surface atomic
recombination of a single species”
Guerra, V.,
Jap. J. Appl. Phys. 45, 8200, 2006

•

“Nitrogen Dissociation in Low-Pressure N2-containing
Discharges”
Guerra, V., E. Tatarova, J. Henriques, F. M. Dias, and C. M.
Ferreira
J. Phys: Conf. Series (in press)

•

“Spatial Structure of N2-Ar Microwave Plasma Source”
Henriques, J., E. Tatarova, F. M. Dias, and C. M. Ferreira
Plasma Sources Sci. Technol. (submitted for publication)

•

"Modification of hexatriacontane by O2-N2 microwave postdischarges",
Hody, V., T. Belmonte, C. D. Pintassilgo, F. P. Epaillard, T.
Czerwiec, G. Henrion, Y. Ségui and J. Loureiro,
Plasma Chemistry and Plasma Processing, 26, 251, 2006

•

"Modelling of a post-discharge reactor used for plasma
sterilization"
Kutasi, K., C. D. Pintassilgo, P. J. Coelho and J. Loureiro,
J. Phys. D: Appl. Phys., 39, 3978, 2006

•

“Electron-drift detection using directional planar probes in
a low-pressure coaxial surface-wave discharge”
Letout, S., C. Boisse-Laporte and L.L. Alves
Appl. Phys. Lett. 89, 241502, 2006

•

“Measurements of N(4S) Absolute Intensity in a 2.45 GHz
Surface Wave Discharge by Optical Emission Spectroscopy”
Levaton, J., A. Ricard, J. Henriques, H. R. T. Silva and J.
Amorim
J. Phys D: Appl. Phys. 39, 3285, 2006

•

"On the difficulty of N(4S) atom recombination to explain
the appearance of the pink afterglow in a N2 flowing
discharge"
Loureiro, J., P. A. Sá and V. Guerra,
J. Phys. D: Appl. Phys., 39, 122, 2006

•

“Detection of elastic photon-photon scattering through fourwave mixing with high power lasers”
Lundin, L., Marklund M, Lundstrom E, Brodin G, Bingham
R, Collier J, Mendonca JT, Norreys P,
Physical Review A 74, 043821, 2006.

•

“Using high-power lasers for detection of elastic photonphoton scattering”
Lundstrom, E., Brodin G, Lundin J, Marklund M, Bingham
R, Collier J, Mendonca JT, Norreys P,
Physical Review Letters 96, 083602, 2006.

•

“Table-top laser-plasma acceleration as an electron
radiography source”
Mangles, S.P.D., Walton BR, Najmudin Z, Dangor AE,
Krushelnick K, Malka V, Manclossi M, Lopes N, Carias C,
Mendes G, Dorchies F,
Laser and Particle Beams 24, 185, 2006

•

“Nonlinear
propagation
of
broadband
intense
electromagnetic waves in an electron-positron plasma”
Marklund, M., Eliasson B, Shukla PK,
Physics of Plasmas 13, 083102, 2006

•

“Statistical properties of the continuum Salerno model”,
Marklund, M., Shukla PK, Bingham R, Mendonca JT,
Physical Review A 74, 045801, 2006

•

“Submicron digital in-line holographic microscopy at 32nm
with high-order harmonics”
Morlens, A.S, Gautier J, Rey G, Zeitoun P, Caumes JP, KosRosset M, Merdji H, Kazamias S, Cassou K, Fajardo M,
Optics Letters 31, 3095, 2006

•

“Evidence of photon acceleration by laser wake fields”
Murphy, C.D., Trines R, Vieira J, Reitsma AJW, Bingham
R, Collier JL, Divall EJ, Foster PS, Hooker CJ, Langley AJ,
Norreys PA, Fonseca RA, Fiuza F, Silva LO, Mendonça JT,
Mori WB,Gallacher JG, Viskup R, Jaroszynski DA, Mangles
SPD, Thomas AGR, Krushelnick K,
Physics of Plasmas 13, 033108, 2006

•

“Observation of annular electron beam transport in multiTeraWatt laser-solid interactions”
Norreys, P.A, Green JS, Davies JR, Tatarakis M, Clark EL,
Beg FN, Dangor AE, Lancaster KL, Wei MS, Zepf M, K
Krushelnick K,
Plasma Physics and Controlled Fusion 48, L11, 2006.

•

“Cluster magnetic fields from large-scale structure and
galaxy cluster shocks”
Medvedev, MV., Silva LO, Kamionkowski M,
Astrophysical Journal 642, L1, 2006

•

“Photon acceleration and polariton wakefields in dielectric
crystals”
Mendonça, J.T.,
New Journal of Physics 8, 185, 2006

•

“GPRD, A database for the spectral properties of diatomic
molecules of atmospheric interest”
Passarinho P., and M. Lino da Silva,
Journal of Molecular Spectroscopy, 236 (1), 148, 2006

•

“Wave kinetics and photon acceleration (invited review
paper)”
Mendonça, J.T.,
Physica Scripta 74, C61, 2006

•

“Controlled shock shells and intracluster fusion reactions
in the explosion of large clusters”
Peano, F., Fonseca RA, Martins JL, Silva LO,
Physical Review A 73, 053202, 2006.

•

“Complexity in plasmas (invited review paper)”
Mendonca, J.T.,
International Journal of Bifurcation and Chaos 16, 1871, 2006

•

“Kinetics of the collisionless expansion of spherical
nanoplasmas”
Peano, F., Peinetti F, Mulas R, Coppa G, Silva LO,
Physical Review Letters 96, 175002, 2006.

•

“Higher harmonics in vacuum from nonlinear QED effects
without low-mass intermediate particles”
Mendonça, J.T., Dias de Deus J, Castelo Ferreira P,
Physical Review Letters 97, 100403, 2006

•

“EHD ponderomotive forces and aerodynamic flow control
using plasma actuators”
Pinheiro, Mário J.
Plasma Process. and Polym., 3, 135, 2006

•

“Photon kinetic modeling of laser pulse propagation in
underdense plasma”
Reitsma, A.J.W., Trines RMGM, Bingham R, Cairns
RA,.Mendonca JT, Jaroszinski DA,
Physics of Plasmas 13, 113104, 2006.

•

“A global simulation for laser-driven MeV electrons in 50mu m-diameter fast ignition targets”
Ren, C., Tzoufras M, Tonge J, Mori WB, Tsung FS, Fiore
M, Fonseca RA, Silva LO, Adam JC, Heron A,
Physics of Plasmas 13, 056308, 2006.

•

“Pair production by a strong wakefield excited by lasers in a
magnetized plasma”
Rios, L.A, Serbeto A, Mendonca JT, Shukla PK, Bingham
R,
Journal of Experimental and Theoretical Physics 103, 47,
2006.

•

“Mass for plasma photons from gauge”
Mendonca, J.T, Ferreira PC,
Europhysics Letters 75, 189, 2006

•

“Photon Landau damping of electron plasma waves with
photon recoil”
Mendonca, J.T, Serbeto A,
Physics of Plasmas 13, 102109, 2006

•

“Photon acceleration in vacuum”
Mendonca, J.T, Marklund M, Shukla PK, Brodin G,
Physics Letters A 359, 700, 2006

•

“Reduced surface sidewall recombination and diffusion in
quantum-dot lasers”
Moore, S.A, O'Faolain L, Cataluna MA, Flynn MB, Kotlyar
MV, Krauss TF,
IEEE Photonics Technology Letters 18, 1861, 2006
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•

“Lower hybrid instability in ionospheric gas-dust formations
from rocket exhaust”
Rosenberg, M., Sorasio G,
Journal of Spacecraft and Rockets 43, 245, 2006.

•

“Exact analytical models of the streaming instability driven
by intense neutrino beams”
Silva, L.O., Bingham R,
Journal of Cosmology and Astroparticle Physics 5, 11, 2006.

•

“A new dust mode in quantum plasmas”
Shukla, P.K.,
Physics Letters A 352, 242, 2006.

•

“Very high Mach-number electrostatic
collisionless plasmas”
Sorasio, G., Marti M, Fonseca R, Silva LO,
Physical Review Letters 96, 045005, 2006.

•

“Acceleration of ions by the radiation pressure in a
magnetized electron-positron-ion plasma”
Shukla, P.K.,
Journal of Plasma Physics 72, 159, 2006.

•

“Simulation of monoenergetic electron generation via laser
wakefield accelerators for 5-25 TW lasers”
Tsung, F.S, Lu W, Tzoufras M, Mori WB, Joshi C, Vieira
JM, Silva LO, Fonseca RA,
Physics of Plasmas 13, 056708, 2006

•

“Space-charge effects in the current-filamentation or Weibel
instability”
Tzoufras, M., Ren C, Tsung FS, Tonge JW, Mori WB, Fiore
M, Fonseca RA, Silva LO,
Physical Review Letters 96, 105002, 2006

•

“Large-scale Ar and N2-Ar microwave plasma sources”
Tatarova, E., F. M. Dias, J. Henriques and C. M. Ferreira
J. Phys. D: Appl. Phys. 39, 2747, 2006

•

“On Spectroscopic Determination of Temperature Profiles
in a Large-Scale Microwave Plasma Source”
Tatarova, E., F. M. Dias, C. M. Ferreira and N. Puac
J. Appl. Phys. (in press)

•

“Hydrogen Balmer Line Broadening in a Microwave
Plasma Source”
Tatarova, E., F. M. Dias, N. Puac and C. M. Ferreira
Plasma Sources Sci. Technol. (in press)

•

“Quantum gravitational decoherence of matter waves”
Wang, C.H.T., Bingham R, Mendonca JT
Classical and Quantum Gravity 23, L59, 2006

•

“Reduction of proton acceleration in high-intensity laser
interaction with solid two-layer targets”
Wei, S., Davies JR, Clark EL, Beg FN, Gopal A, Tatarakis
M, Willingale L, Nilson P, Dangor AE, Norreys PA, Zepf
M, Krushelnick K,
Physics of Plasmas 13, 123101, 2006

•

“Self-referencing spectral phase interferometry for direct
electric-field reconstruction with chirped pulses”
Wemans, J., Figueira G, Lopes NC, Cardoso L,
Optics Letters 31, 2217, 2006

•

•

•

“Dispersive electromagnetic drift modes in nonuniform
quantum magnetoplasmas”
Shukla, P.K., Ali S,
Physics of Plasmas 13, 082101, 2006.
“Electron parallel-flow shear driven low-frequency
electromagnetic modes in collisionless magnetoplasma”
Shukla, P.K., Eliasson B, Koepke M,
Physics of Plasmas 13, 052115 (2006).
“Radiation condensation instability of compressional
electromagnetic modes in magnetoplasmas containing
charged dust impurities”,
Shukla, P.K., Eliasson B, Kopp A,
Plasma Physics and Controlled Fusion 48, 509, 2006.

•

“Parametric instabilities and localization of nonlinearly
coupled electromagnetic modes in astrophysical dusty
plasmas”
Shukla, P.K., Eliasson B, Kourakis I, Stenflo L,
Journal of Plasma Physics 72, 397 (2006).

•

“Stimulated scattering instabilities of electromagnetic waves
in an ultracold quantum plasma”
Shukla, P.K., Stenflo L,
Physics of Plasmas 13, 044506, 2006.

•

“Shear
Alfven
modes
in
ultra-cold
magnetoplasmas”
Shukla, P.K, Stenflo L,
New Journal of Physics 8, 111, 2006.

•

“Dust velocity shear driven rotational waves and associated
vortices in a nonuniform dusty plasma”
Shukla, P.K., Stenflo L,
Physics Letters A 352, 138, 2006.

•

“Arrays of radiative transition probabilities for CO2-N2
plasmas”
Silva, M. Lino da and M. Dudeck,
Journal of Quantitative Spectroscopy and Radiative Transfer,
102 (3), 348, 2006

•

quantum

shocks

in

19.2.4. Papers in international conferences
18th Europhysics Conference on Atomic and Molecular Physics
of Ionized Gases (ESCAMPIG), Lecce, Italy, 2006
• “Analytic calculation of the atomic heterogeneous
recombination probability in a system comprising LangmuirHinshelwood and Eley-Rideal mechanisms”,
Guerra, V.

“State-resolved
dissociation
rates
for
extremely
nonequilibrium atmospheric entries”
Silva, M. Lino da, V. Guerra and J. Loureiro,
Journal of Thermophysics and Heat Transfer, 21(1), 40, 2006
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•

“Surface wave induced N2-Ar plasma torch”
Henriques, J., E. Tatarova, F. M. Dias and C. M. Ferreira

•

"Modelling of a post-discharge reactor used for plasma
sterilization",
Kutasi, K., C. D. Pintassilgo, P. J. Coelho and J. Loureiro,

•

“On oxygen added into nitrogen post-discharge”,
Mrázková, M., P.Vašina, C. D. Pintassilgo, V. Kudrle, V.
Guerra and A. Tálský,

•

"Afterglow of a flowing microwave discharge in N2-CH4 for
metal surface treatment",
Pintassilgo, C. D., C. Jaoul, T. Czerwiec, T. Belmonte and J.

•

"State-resolved and one-temperature rates for N2 dissociation
processes using a forced harmonic oscillator model",
Silva, M. Lino da, V. Guerra and J. Loureiro,

•

“Modeling of capacitively-coupled hydrogen discharges: the
influence wall recombination probability for H-atoms”
(poster),
Marques, L.S.A., J. Jolly and L.L. Alves,

6th International Conference on Reactive Plasmas and 23rd
Symposium
on
Plasma
Processing
(ICRP-6/SPP-23)
Matsushima/Sendai, Japan, 2006
• “Theoretical investigation of the influence of the wall
temperature on the probability for surface atomic
recombination of a single species”
Guerra, V.
VIth Microwave Discharges: Fundamental and Applications
(MD6) Zvenigorod, Russia, 2006.
• “A collisional-radiative model for an atmospheric pressure
microwave argon plasma” (oral),
Álvarez, R.
•

“2D electromagnetic model of a microwave plasma torch
reactor” (poster),
Álvarez, R., A. Rodero, M.C. Quintero and L.L. Alves,

•

“Axial distribution of temperatures and species in the axial
injection torch during the trichloroethylene destruction”
(poster),
Rubio, S. A. Rodero, M.C. Quintero and R. Álvarez,

XVI International Conference on Gas Discharges and their
Applications, Xi’an, China, (GD-2006)
• “Ozone Synthesis in Atmospheric Pressure N2-O2 Surface
Wave Discharges”
Guerra, V., E. Tatarova and C. M. Ferreira

59th Gaseous Electronics Conference (GEC06)
• “2D electromagnetic modelling of a microwave plasma torch”
(poster),
Álvarez, R. and L.L. Alves,
High Power Laser Science Christmas Meeting,Cosener’s House,
Abingdon (December 2006),
• “Hybrid Code Modelling of Laser-Solid Experiments on
Vulcan”,
Davies, J,.R.

•

“Nitrogen Dissociation in Low-Pressure N2-Containing
Discharges”
Guerra, V., E. Tatarova, J. Henriques, F. M. Dias and C. M.
Ferreira

2nd International Workshop on Radiation of High Temperature
Gases in Atmospheric Entry, Rome, Italy, 2006
• “A Solution for test-case 5: Simulation of the radiative
emission of a chemical equilibrium 97%CO2–3%N2
atmospheric pressure plasma”,
Silva, M. Lino da, M. Dudeck, D. Vacher and P. André,

•

“Excited Species Spatial Ditribution in a Large-Scale
Microwave Plasma Source”
Henriques, J., E. Tatarova and C. M. Ferreira

•

“Plasma Torch Generated by N2-Ar Wave Driven
Discharges”
Henriques, J., E. Tatarova, F. M. Dias and C. M. Ferreira

•

“Hydrogen Balmer Line Broadening in a Large-Scale
Microwave Plasma Source”
Tatarova, E, F. M. Dias, N. Puac and C. M. Ferreira

1st European Planetary Science Congress, Berlin, Germany 2006,
• “Kinetic modelling of a N2-CH4 microwave discharge for a
wide range of pressures for simulation of Titan's atmosphere”,
Pintassilgo, C. D.,and J. Loureiro,
Paper EPSC2006-A-00077
•

10th International Conference on Plasma Surface Engineering
(PSE), Garmish-Parktenkirchen, Germany, 2006
• “Determination of N, H, and O-atom in N2-H2 and in N2H2 Mixtures by Optical Actinometry”
Ricard, A., J. Henriques, S. Cousty, S. Villerger and J.
Amorim

“Study and modelling of a RF plasma producing analogues of
Titan's aerosols”
Szopa, C., G. Cernogora, C. D. Pintassilgo, M. Cavarroc, L.
Boufendi and J. Loureiro,
Paper EPSC2006-A-00146

23rd International Symposium on the Physics of Ionized Gases
(SPIG), Kapaonic, Serbia, 2006
• “Analytic model for heterogeneous recombination”
Guerra, V.

•
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“Electrical characterization of capacitively-coupled radiofrequency discharges in hydrogen” (poster),
Marques, L., J. Jolly and L.L. Alves

9th Joint Thermophysics and Heat Transfer Conference
(AIAA/ASME), San Francisco-California, USA, 2006
• "Nonequilibrium dissociation processes in hyperbolic
atmospheric entries",
Silva, M. Lino da, V. Guerra and J. Loureiro,
•

International Workshop on Frontiers of Plasma Science, ICTP
Trieste, August (2006)
• "Vacuum games: photons, axions and gravitons".
Mendonça, J. T.
Maxwell 150 Years On , University of Aberdeen, Scotland, 7th to
9th of September 2006
• "Maxwell and the classical wave-particle dualism",
Mendonça, J. T.

“Plasma radiation in Earth and Mars atmospheric entries”,
Silva, M. Lino da

2nd International Conference on Current Developments in Atomic,
Molecular and Optical Physics with Applications (CDAMOP
2006), Delhi, India, 21st to 23rd March (2006)
• "Nonlinear cascades, high harmonics and sliding
resonances".
Mendonça, J. T.

International Conference on Ultrahigh Intensity Lasers, Cassis,
Sep. 2006
• “High intensity laser research at the L2I-IST facility”.
Figueira G, Cardoso L, Leitão C, Lopes N, Wahaia F,
Wemans J,

Fundamental Physics with Intense Laser Fields, Coseners House,
Abingdon, U.K., April (2006)
• "Time refraction and the quantum vacuum".
Mendonça, J. T.

International Conference on Sezged, Hungary, 30th September
to 4th of October (2006)
• “Photon acceleration and attosecond pulses,”
Mendonça, J. T.

International Workshop: From Quantum to Cosmos: Fundamental
Physics Research in Space, Washington,United States, 22-24 May
2006
• “Dark Energy, Dark Matter and Gravity”,
Bertolami, O.

IVth Meeting on Biomedical Engineering IST/FML - Lisbon, 9th
October 2006
• Optical aberrations: wavefront reconstruction and
simulation of visual acuity,
Viola, F.

Technologies for Future Exploration in Space, Bremen, Germany,
30 May - 1 June 2006
• “General theory of relativity: Will it survive the next
decade?”
Bertolami, O., J. Páramos and S. G. Turyshev

33rd European Physical Society meeting on Plasma Physics
(2006), Roma
• “X-ray diffraction enhanced imaging using laser-produced
plasmas”
Abreu, E., M. Fajardo,

29th European Conference on Laser Interaction with Matter,
ECLIM, Madrid, Spain, 11-16 June (2006)
• "Ion heating regimes for IFE".
Mendonça, J. T.

•

“Generation and propagation of relativistic ionization
fronts”
Dias, J. M., N. Lemos, R. A. Fonseca, L. O. Silva, J. T.
Mendonça, D. A. Jaroszynski,

Workshop on quantum gravity", University of Roma La Sapienza,
Italy, 19-20 June (2006)
• "Photon graviton interactions".
Mendonça, J. T.

•

"Characterization of relativistic ionization fronts in gas jets"
Lemos, N., J. G. Gallacher, J. M. Dias, R.C. Issac, L. O.
Silva, N. C. Lopes, J. T. Mendonça, D. A. Jaroszynski,

48th Meeting of the Division of Plasma Physics, APS
Philadelphia 2006
• “Relativistic ionization fronts in gas jets”
Lemos, N., J.M.Dias, J. G. Gallacher, R.C. Issac, R. A.
Fonseca, N. C. Lopes, L. O. Silva, J. T. Mendonça, D. A.
Jaroszynski,

International Workshop on the Dark Side of the Universe, Madrid,
Spain, 20-24 June 2006
• “Gamma-ray bursts as Dark Energy probes”
Bertolami, O. and P. T. Silva,
22nd Symposium on Plasma Physics and Technology, 26-29 June
2006, Prague
• “Probing of dense plasmas using the PALS X-ray laser”,
Fajardo, M.

•

Fundamental Physics in Space section of the Comittee on Space
Research, 36th. COSPAR Scientific Assembly, Beijing, China, 1623 July, 2006
• “Current tests of alternative gravity theories: the Modified
Newtonian Dynamics case”
Bertolami, O. and J. Páramos

“Plasma channels for electron accelerators”
Lopes, N. C., R. I. Onofrei, J. Sampaio, R. Macedo,G.
Figueira, J. M. Dias, N. Lemos, L. O. Silva, C. Clayton, F.
Fan

2nd EPS-QEOD Europhoton Conference on Solid-State and
Fiber Coherent Light Sources, 2006, Pisa, Italy
• “SPIDER algorithm improvement to allow highly chirped
pulses characterization”.
Cardoso L, Figueira G, Pires H,
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“Studies on the integration of a diode pumped Yb amplifier in
a Ndgass 15 TW CPA chain”.
Wemans J, Figueira G, Lopes NC, Cardoso L , Wemans J,
Figueira G, Lopes NC, Cardoso L ,

•

"Modelling of a post-discharge reactor used for plasma
sterilization",
Kutasi, K., C. D. Pintassilgo, P. J. Coelho and J. Loureiro,
23rd SPIG, Kapaonik, Serbia 2006

33rd IoP Annual Conference on Plasma Physics, Crieff (Scotland)
• "Frequency up-shift of THz pulses using relativistic mirrors",
Gallacher,J. G., N. Lemos, J. M. Dias, R.C. Issac, A Lyachev,
D. A. Jaroszynski,

•

“A structural property of matter resulting from nonmarkovian stochastic processes”
Pinheiro, Mario J.
AIP Conference Proceedings, 861, 532, 2006

19.2.5. Invited talks in international conferences
• “Model of gas heating in a microwave discharge”,
Alves, L.L.
9th High Technology Plasma Processes (HTTP9)
Book of Abstracts HTTP9, Institute for Electrophysics and
Electric Power, Saint-Petersburg, Russia 2006; European
Material Research Science (E-MRS), p. 20

• "Electrical and Kinetic Model of an Atmospheric RF Device

•

•

“New features on surface-wave discharges: boundary
phenomena and power deposition”,
Alves, L.L.
Proceed. VIth International Workshop on Microwave
Discharges: Fundamental and Applications, Zvenigorod,
Russia 2006, pp. 177

•

“Large-Scale Microwave Plasma Sources”,
Dias, F. M., E. Tatarova, J. Henriques, C. M. Ferreira
Proceed. VIth International Workshop on Microwave
Discharges: Fundamentals and Applications, Zvenigorod,
Russia 2006, 25

•

“EEDF probe measurements: differentiation methods, noise,
and error”;
Dias, F. Marques,
Part II “2nd IW&SSPP”, (International Workshop &Summer
School on Plasma Physics) Kiten, Bulgaria, 2006;

•

for Plasma Aerodynamics Applications",
Pinheiro, Mario J.
6th International Conference on Reactive Plasmas and 23rd
Symposium on Plasma Processing (ICRP-6/SPP-23)
Proceed. ICRP-6/SPP-23, Matsushima/Sendai, Japan 2006

“Ozone Synthesis in Atmospheric Pressure N2-O2 Surface
Wave Discharges”
Guerra, V., E. Tatarova and C. M. Ferreira
Proceed. GD-2006 (XVI International Conference on Gas
Discharges and their Applications), 452 (oral)

•

“Nitrogen Dissociation in Low-Pressure N2-Containing
Discharges”
Guerra, V., E. Tatarova, J. Henriques, F. M. Dias and C. M.
Ferreira
Proceed. GD-2006 (XVI International Conference on Gas
Discharges and their Applications), 457-460 (oral)

•

“Excited Species Spatial Ditribution in a Large-Scale
Microwave Plasma Source”
Henriques, J., E. Tatarova and C. M. Ferreira
Proceed. GD-2006 (XVI International Conference on Gas
Discharges and their Applications), 433-436 (oral)

•

“Plasma Torch Generated by N2-Ar Wave Drive
Discharges”
Henriques, J., E. Tatarova, F. M. Dias and C. M. Ferreira
Proceed. GD-2006 (XVI International Conference on Gas
Discharges and their Applications), 437-439 (oral)
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•

“A mechanism of anomalous diffusion in cold plasma”,
Pinheiro, Mario J.
18th Europhysics Conference on the Atomic and Molecular
Physics of Ionized Gases (ESCAMPIG)
Proceed. 18th ESCAMPIG, Lecce, Italy 2006

•

“The role of magnetic flux and wall current drain on
anomalous diffusion”,
Pinheiro, Mario J.
XVI International Conference on Gas Discharges and their
Applications (GD-2006)
Proceed. GD-2006, Xi'an, China 2006

•

“N2-O2 afterglow for plasma sterilization",
Pintassilgo, C. D., K. Kutasi and J. Loureiro,
Proceed. 18th ESCAMPIG, Lecce, Italy 2006, pp. 31.

•

“Determination of N, H, and O-atom in N2-H2 and in N2-H2
Mixtures by Optical Actinometry”
Ricard, A., J. Henriques, S. Cousty, S. Villerger and J.
Amorim
Proceed. PSE-2006 (10th International Conference on Plasma
Surface Engineering), (oral)

•

“Hydrogen Balmer Line Broadening in a Large-Scale
Microwave Plasma Source”
Tatarova, E., F. M. Dias, N. Puac and C. M. Ferreira
Proceed. 2006 (18th European Sectional Conference on the
Atomic and the Molecular Physics of Ionized Gases
(ESCAMPIG)), (M. Cacciatore, S. De Benedictis, P.F.
Ambrico and M. Rutigliano, eds.), Leece, Italy 2006, (“Hot
Topic” HT3) 30G 59-60

•

“Hydrogen Balmer line broadening in He-H2, Ar-H2 and
H2 microwave plasmas”
Tatarova, E., F. M. Dias, C M Ferreira and N Puac
nd
Proceed. 2
IW&SSPP (International Workshop &
Summer School on Plasma Physics), Kiten, Bulgaria, 2006

•

“Nitrogen dissociation in low-pressure microwave
plasmas”,
Tatarova, E., V. Guerra, J. Henriques and C. M. Ferreira,
23rd SPIG, Kapaonic, Serbia 2006

•

“Hybrid code modeling of laser solid experiments on vulcan”
Davies, J.
High Power Laser Science Christmas Meeting, Cosener’s
House, Abingdon, December, 2006;

•

“Challenge in relativistic plasma astrophysics”
Silva, L.
Symposium on Nonlinear Physics Abdus Salam ICTP,
Trieste, Italy, August, 2006;

•

“Probing of dense plasmas using the PALS X-ray laser”
Fajardo, M.
22nd Symposium on Plasma Physics and Technology,
Prague, June, 2006;

•

“The Weibel instability in fast ignition and in gammaray
bursters”
Silva, L.
33rd Euroepan Physical Society Conference on Plasma
Physics, Rome, Italy, June, 2006;

•

“Photon acceleration and attosecond pulses”
Mendonça, J.T.
International Conference on Sezged, Hungary, September,
2006;

•

“Collisionless instabilities in unmagnetized relativistic
outflows and the formation of relativistic shocks”
Silva, L.
6th International Conference on High Energy Density
Laboratory Astrophysics, Rice University, Houston, Texas,
March, 2006;

•

“Laser plasma interaction with multi layer targets: ion
acceleration and ion heating”
Sorasio, G.
International Workshop on Frontiers on Plasma Physics,
Abdus Salam ICTP, Trieste, Italy, August, 2006;

• “Maxwell and the classical wave-particle dualism”

Mendonça, J.T.
Maxwell 150 Years On, University of Aberdeen, Scotland,

September, 2006;
•

“Vacuum games: photons, axions and gravitons”
Mendonça, J.T.
International Workshop on Frontiers of Plasma Science,
Trieste, August, 2006;

•

“Ion heating regimes for IFE”
Mendonça, J.T.
29th European Conference on Laser Interaction with Matter,
ECLIM, Madrid, June, 2006;

•

“Photon graviton interactions”
Mendonça, J.T.
Workshop on quantum gravity, University of Roma La
Sapienza, Italy, June, 2006;
“Time refraction and the quantum vacuum”
Mendonça, J.T.
Fundamental Physics with Intense Laser Fields, Cosener’s
House, Abingdon, April, 2006;

•

•

“Nonlinear cascades, high harmonics and sliding
resonances”
Mendonça, J.T.
2nd International Conference on Current Developments in
Atomic, Molecular and optical Physics with Applications
(CDAMOP), Delhi, India, March, 2006;

•

“Na fronteira dos lasers e dos plasmas: os desportos radicais
da Física”
Silva, L.
UTL Research Symposium, IST, Lisbon, February, 2006;

•

“Proton shock acceleration in ultraintense laser-plasma
interactions”
Silva, L.
International Workshop on Frontiers on Plasma Physics,
Abdus Salam ICTP, Trieste, Italy, August, 2006;

19.2.6. Papers in national conferences
Portuguese National Astronomical and Astrophysics Meeting,
Lisbon, 28-29 July, 2006
• “Gamma ray bursts as cosmological probes”
Bertolami, O. and P. T. Silva
19.2.7. Oral presentations in scientific meetings
• “Laser-plasma accelerators: dependence of the quasi
monoenergetic electron beam parameters with laser focal
spot size”
Malka, V., J. Faure, Y. Glinec, A. Norlin, A. Lifschitz, J.-P.
Rousseau, F. Burgy, J. Vieira, R. A. Fonseca, L. O. Silva.
33rd European Physical Society meeting on Plasma Physics
(2006), Roma
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•

“Photon acceleration in laser-plasma interaction”
Trines, R.M.G.M., C.D. Murphy, J. Vieira, A. Reitsma, R.
Bingham, R. A. Fonseca, F. Fiuza, L.O. Silva, J.T.
Mendonça, W.B. Mori, P.A. Norreys.
33rd European Physical Society meeting on Plasma Physics
(2006), Roma

•

“High intensity laser research at the L2I-IST facility”
Figueira G, Cardoso L, Leitão C, Lopes N, Wahaia F,
Wemans J,.
International Conference on Ultrahigh Intensity Lasers,
Cassis, Sep. 2006

•

“Gamma ray bursts as cosmological probes”
Bertolami, O.and P. T. Silva.
(astro-ph/0601507).
Portuguese National Astronomical and Astrophysics
Meeting, Lisbon, 28-29 July

•

•

XVI International Conference on Gas Discharges and their
Applications (GD-2006), Xi’an, China

“Dark Energy, Dark Matter and Gravity”
Bertolami, O.
International Workshop: From Quantum to Cosmos:
Fundamental Physics Research in Space, Washington,United
States, 22-24 May 2006
submitted to Int. J. Mod. Phys. D (astro-ph/0608276).

•

“Nitrogen Dissociation in Low-Pressure N2-Containing
Discharges”
Guerra, V., E. Tatarova, J. Henriques, F. M. Dias and C. M.
Ferreira
Proceed. GD-2006
XVI International Conference on Gas Discharges and their
Applications (GD-2006), Xi’an, China

•

“Determination of N, H, and O-atom in N2-H2 and in N2-H2
Mixtures by Optical Actinometry”
Ricard, A., J. Henriques, S. Cousty, S. Villerger and J.
Amorim
Proceed. PSE-2006
10th International Conference on Plasma Surface
Engineering (PSE), Garmish-Parktenkirchen, Germany,
2006

•

“A collisional-radiative model for an atmospheric pressure
microwave argon plasma”
Álvarez, R.
VIth Microwave Discharges: Fundamental and Applications
(MD6), Zvenigorod, Russia, 2006

“Gamma-ray bursts as Dark Energy probes”
Bertolami, O. and P. T. Silva, , (astro-ph/0609578).
International Workshop on the Dark Side of the Universe,
Madrid, Spain, 20-24 June 2006

•

“Current tests of alternative gravity theories: the Modified
Newtonian Dynamics case”
Bertolami, O. and J. Páramos
Fundamental Physics in Space section of the Committee on
Space Research, 36th. COSPAR Scientific Assembly, Beijing,
China, 16-23 July, 2006
(gr-qc/0611025).

•

“A Distributed Memory GPU Implementation of the Boris
Particle Pusher Algorithm”
Abreu, P., J.M. Pereira, L.O. Silva,
Eurographics Symposium on Parallel Graphics and
Visualization 2006, Braga, Portugal.

•

“Modeling laser wake field acceleration with the quasi-static
PIC code QuickPIC”
Vieira, J., C. Huang, V. Decyk, M. Zhou, M. Tzoufras, W. Lu,
F. Tsung, W. Mori, J. Cooley, T. Antonsen, L.O. Silva
Advanced Accelerator Concepts Workshop, Lake Geneva,
Wisconsin, July 2006

•

“Excited Species Spatial Ditribution in a Large-Scale
Microwave Plasma Source”
Henriques, J., E. Tatarova and C. M. Ferreira
Proceed. GD-2006, 433-436
XVI International Conference on Gas Discharges and their
Applications (GD-2006), Xi’an, China

•

“Plasma Torch Generated by N2-Ar Wave Driven
Discharges”
Henriques, J., E. Tatarova, F. M. Dias and C. M. Ferreira
Proceed. GD-2006
XVI International Conference on Gas Discharges and their
Applications (GD-2006), Xi’an, China

•

“Ozone Synthesis in Atmospheric Pressure N2-O2 Surface
Wave Discharges”
Guerra, V., E. Tatarova and C. M. Ferreira
Proceed. GD-2006
XVI International Conference on Gas Discharges and their
Applications (GD-2006), Xi’an, China

•

“Hydrogen Balmer Line Broadening in a Large-Scale
Microwave Plasma Source”
Tatarova, E., F. M. Dias, N. Puac and C. M. Ferreira
Proceed. GD-2006

19.2.8. Laboratorial prototypes
• Figueira, G., Quadruple actuator, single adjuster continuous
plate deformable mirror for correction of astigmatism and
defocus on a high power laser system.
19.2.9. Prizes and Awards
• Nuno Lemos, PPCF Student Poster Prize, Best poster
presented at the 33rd European Physical Society Conference
on Plasma Physics, held in Rome, 19 – 23 June 2006,
‘Characterization of relativistic ionization fronts in gas jets’
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