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17-19 OCTOBER 2001, HELSINGOR, DENMARK

THE NONLINEAR DYNAMICS OF THE MODULATIONAL INSTABILITY OF
DRIFT WAVES AND THE ASSOCIATED ZONAL FLOWS

C N Lashmore-Davies', D R McCarthy 2and A Thyagarajal

'EURATOM/UKAEA Fusion Association, Culham Science Centre, Abingdon, Oxon,
OX14 3DB UK

2S outheastern Louisiana University, Hammond, LA 70402, USA

Abstract

The linear and nonlinear dynamics of zonal flows and their interactions with drift wave
turbulence is considered in the simple, but illuminating, generalized Chamey-Hasegawa-
Mirna model due to Smolyakov et a] (A I Smolyakov, P H Diamond and V I Shevchenko,
Phys Plasmas, 7 1349 2000)). Two positive definite, exact, integral invariants associated
with the full generalized Chamey-Hasegawa-Mima system are derived. These invariants are
the generalizations of the well-known energy and enstrophy integrals of the original Charney-
Hasegawa-Mima equation. Assuming a monochromatic, finite (but small) amplitude drift
wave pump as the initial state, it is shown that the system experiences a classical
'modulations]' instability. This is characterized by the growth of a specified, infinitesimal
amplitude zonal flow and side-bands of the pump generated by it beating with the zonal flow.
The threshold for this growth is determined and found to be readily satisfied under typical
conditions on the pump amplitude and zonal flow perturbation wave number. The pump is
then allowed to evolve according to a simple, 'four-wave', nonlinear model. Two positive
definite invariants associated with the four-wave evolution are identified. The generalized
Chamey-Hasegawa-Mima equations are solved numerically. First, the predictions of the
analytical 'fixed pump' four-wave model relevant to the initial growth phase are verified. The
numerical simulations are carried on into the fully nonlinear regime and show explicitly that
the exact invariants of the system are indeed conserved to high accuracy over the entire period
of simulation (many linear growth times and hundreds of drift wave periods). In contrast it is
found that the "four-wave invariants" only remain approximately constant for about three
growth times, although this is still long compared to the dift period, thus establishing the
time-scale over which the four-wave model retains its validity. The investigation of the long-
time behaviour using the simulations demonstrates that the number of effective degrees of
freedom of the system, as estimated analytically using the exact invariants, is in good
agreement with that found by the code. Furthermore, the radial structure of the zonal flow
can be 'jet-like' or highly oscillatory in space depending upon the values of the density
length-scale relative to the system size and initial conditions. It is found that zonal flows can
be dramatically reduced if the most unstable zonal flow wave number does not fit into the
system. The properties of this relatively simple, two-dimensional, electrostatic,
dissipationless model bear a striking resemblance to many features of much more elaborate
fluid and kinetic plasma turbulence simulations. As such, the model illustrates the zonal
flow/turbulence interaction phenomenon in its most elementary form.

This work was jointly funded by EURATOM and the UK Department of Trade and Industry, DoE Grant
Number D-FG02-96ER54370 and Southeastern Louisiana University.
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Active control of MHD modes in magnetic

confinement systems

A. Bondeson, Y. Q. Liu, D. Gregoratto
Department of Electromagnetics, EURATOM/NFR Fusion Association

Chalmers University of Technology, S-412 96 G6teborg, Sweden
C.M. Fransson, B. Lennartson, C. Breitholtz

Department of Signals and Systems, Control and Automation Laboratory
Chalmers University of Technology, S412 96 G6teborg, Sweden

Active control of MHD modes is receiving increasing attention. Control of the n = 
vertical instability is well established and has very significantly extended the performance
of tokamaks. Currently, experiments are in progress on DIII-D to test feedback control
of external, pressure driven n = modes, with the aim of increasing the beta limit
for advanced scenarios with improved confinement. The RFP needs active control of
nonresonant, external = low-n modes to remain stable over many wall times.

The talk will present a combined MHD and Control analysis of stabilization schemes
for the resistive wall mode. Both an analytical model, based on cylindrical theory, and
true toroidal MHD analyses of high-pressure advanced tokamaks will be described. The
models use low-order rational transfer functions to describe the flux perturbations in
sensor coils resulting from currents in the active feedback coils. These transfer functions
account for currents induced in the plasma and the resistive walls. The transfer functions
are used for controller design, subject to constraints of good performance and limited
gain. Control analysis is used to determine for what controller structures and response
times reasonable design criteria can be met.

For tokamaks, the theory gives rather optimistic predictions concerning stabilization
of high-beta n = modes, as long as sensors for the perturbed poloidal field can be
placed inside the first wall. A simple PD controller works well, and the time constant
of the feedback system can be several resistive wall times. Furthermore, the structure
of the MHD instability need not be matched particularly well by the feedback field.
Poloidal sensors are clearly superior to sensors for the radial magnetic field. In cases
where the sensors must be placed outside a first conducting wall for technological reasons,
the requirements on response time and structure of the controller are more demanding;
here a double lead filter is required and the response time must be a small fraction of the
wall time.

The theoretical results will be compared to experimental results from DIII-D. Criteria
for an n = control system for ITER-FEAT with a double wall will be described, and
poss]ible schemes for active stabilization of RFP's will be discussed.
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Bifurcation in the Reversed Field Pinch:
helical configurations and visco-resistive NM.

S. CAPPELLO, D.F. ESCANDE(*), R. PACCAGNELLA, F. D'ANGELO
Consiglio Nazionale delle Ricerche CNR, Italy,
Consorzio RFX, Associazione EURATOM-ENEA sulla Fusione, Padua, Italy,
(*kJMR 6633 CNRS-Univ. de Provence, Marseille, France

Experimental observations have shown the possibility for the reversed field pinch (RFP to
develop helical configurations. Our presentation focuses on the theoretical study of helical
states (SH) of the RFP corresponding to a aminar dynamo associated with a single helicity
m1n with m=l, and a given n=nSH. Numerical simulations of visco-resistive MHD show a
bifurcation from SH to multiple helicity turbulent regimes ruled by the Hartmann number,
which involves the plasma viscosity and resistivity (H- vo-1/2) A scaling argument is
presented to highlight the importance of the H number in MHD modelling, and the issue of
viscous effects in RFP experiments is briefly discussed. Furthermore a mechanism of magnetic
chaos healing is shown to exist when the magnetic separatrix of the dominant mode of QSH
states disappears.
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Flows and Transport in 3D Drift Alfve'n

turbulence

V. Naulin, S.B. Korsholm, P. K. Michelsen, and J. Juul Rasmussen

Association EURATOM - Riso National Laboratory

Optics and Fluid Dynamics Department, OFD-128 Riso, 4000 Roskilde, Denmark

June 11, 2001

Abstract

Zonal flow generation is an important aspect of many models of LH

transition in magnetic confined fusion plasmas. The transport barrier

then usually is located in the edge region. Plasma turbulence there is
generally agreed to be of drift-Alfvgnic character and it is speculated if

this turbulence can self-organize into flows.

Here simulations of electrostatic and eectromagnetic drift wave tur-

bulence are performed in simple 3D geometries as well as in flux tube

geometry. We analyse the connection between zonal flows and transport

at different parameters and comment on the zonal flow drive. The scal-

ing of zonal flow strenght with outer parameters as viscous damping and

plasma beta is considered and the difference between simple and more

realistic geometries is considered.



1-5

DKO300072

Consistency of the pressure profile at ignition in Ignitor

A. Airoldi

Istituto di Fisica del Plasma, C.N.R.
Euratom-ENEA-CNR Association

Milano, Italy

The centrally localized alpha heating that aows the ignition attainment in a toroidal
Plasma leads to a consistent plasma pressure profile.

Such a profile turns out to depend much more on the ignition achievement than on
the transport assumptions.

The feature is discussed with reference to the Ignitor experiment.
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Alfven wave turbulence and Tokamaks

Steve Cowley, Jason Maron and Bill Dorland
Imperial College, London.

The spectrum of Alfven wave turbulence has a cascade structure. I will discuss the physics
of the cascade and its relevance for tokamaks -- especially high beta spherical tokarnaks.
We have been simulating the cascade in MHD codes and recently in kinetic codes -- these
results will be discussed. The cascade is also of great interest to space and astrophysics and
I will mention these applications briefly.
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Theory for induced convection experiments in the
tokamak edge

P. Helander', D.D. RyUtoV2 , and R.H. Cohen 2

'EURATOMIUKAEA Fusion Association, Culham Science Centre,
Abingdon, U.K.

2Lawrence Livermore National Laboratory, Livermore, USA.

By biasing alternate divertor plates in a tokamak, one can create toroidally
asymmetric potential perturbations in the scrape-off layer (SOL). This should
cause intense E x convection in the edge plasma, leading to an increase of
the SOL thickness and a reduction of the heat load on the divertor target.
The first experiments of this type are planned to be carried out on MAST
this year. The present paper addresses a range of theory issues connected
with such induced plasma convection: the penetration of applied potential
perturbations into the plasma; particle orbits in the biased divertor; the role
of magnetic shear; excitation of shear-flow turbulence; the effect of the De-
bye sheaths at the divertor target; and redistribution of heat fluxes during
biasing.

Concerning the penetration of the potential perturbations into the plasma,
it is found that these structures are confined to the divertor region between
the X-point and the target because of the effect of strong magnetic shear
near the X-point. This happens because the magnetic shear squeezes the
flux tubes to a size smaller than the ion gyroradius. The main part of the
SOL surrounding the core plasma should therefore not be affected by di-
vertor biasing, which should thus not interfere with core confinement. An
analysis of the particle orbits in the biased divertor plasma nevertheless sug-
gests that significant SOL broadening can be achieved with modest biasing
potentials, of the order of 40 V in MAST. The slowest timescale related to
establishing a steady state after some sudden change in plasma parameters
is the time of flight for an ion from the X-point to the divertor target. Since
this is shorter than the characteristic time of an ELM event, it is expected
that divertor biasing should mitigate the enhanced heat flux during ELMs.
Aside from active control of SOL transport, it is hoped that the biasing will
be useful to probe other divertor and SOL physics issues.

This work was funded jointly by Euratorn and the UK Dept of Trade and Industry,
and by the US DoE under contract W-7405-Eng.-48.
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MONTE CARLO 6f SIMULATION OF NEOCLASSICAL PROCESSES IN

A TOKAMAK WITH PERTURBED MAGNETIC EQUILIBRIUM

E. Poli, A. G. Peeters, A. Bergmann, S. D. Pinches

Max-Planck-Institut fiir Plasmaphysik, Boltzmannstr 2 85748 Garching, Germany

EURA TOM Association

The main topic of the paper is the 6f simulation of the bootstrap current in the

presence of an island, which is of interest for the physics of Neoclassical Tearing Modes

(NTMs). A usual assumption in the theoretical investigations of NTMs is that the

bootstrap current is zero inside the island. However, when the island size W is small

compared to the width of the orbits of trapped particles Wb, the bananas coming from

outside the island could overlap the island region and provide a non-vanishing current

also inside it. Also in the case of a larger island the precession of trapped particles could

play a role in restoring the toroidal symmetry and hence stabilizing the mode. In both

cases, the effect is more significant for the ions than for the electrons.

These effects are studied by means of Monte Carlo 6f simulations. The numerical

code follows the motion of the ions in full toroidal geometry in the presence of a per-

turbed magnetic equilibrium. Collisions are treated with the Monte Carlo technique and

implemented such that the (parallel) momentum is conserved. ITER and ASDEX Up-

grade parameters have been employed in the calculations. It is found that the fraction

of the (ion) bootstrap current inside the island increases as the island width decreases,

and no loss is observed when the ratio Wb/W approaches unity. This means that i the

early phase of a NTM at ASDEX Upgrade the ion drive is absent. The case of ITER is

also discussed.

The same numerical scheme (for an unperturbed equilibrium) is also applied to the

simulation of neoclassical transport near the tokamak axis, where the usual thin-orbit

theory does not apply. The results of the simulations are in disagreement with three

recent wide-orbit theories for the banana and the plateau regime.

References

1) S. D. Pinches et al., Comp. Phys. omm. 111, 133 1998).

2) A. Bergmann, A. G. Peeters, S. D. Pinches, Phys. Plasmas, 2001 (to appear)-
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Boundary Turbulence Simulations of Low-to-High Confinement
Transition in Divertor Geometry*

X. Q. XU,
R. H. Cohen, W. M. Nevins,

Lawrence Livermore National Laboratory, Livermore, CA 94551
J. R. Myra,

Lodestar Research Corporation, Boulder, CO 80301 USA
P. B. Snyder,

General Atomics, San Diego, CA 92186 USA

Recent results are presented for turbulence in tokamak boundary plasmas and its relationship
to the low-to-high confinement (L-H) transition in a realistic divertor geometry. These results are
obtained from a three-dimensional (3D) nonlocal electromagnetic boundary turbulence code BOUT
[1] 2], which models the boundary plasma using fluid equations for plasma vorticity, density, electron
and ion temperatures and parallel momenta. We show that the resistive X-point mode is the
dominant mode in boundary plasmas in X-point divertor geometry[2][3]. The poloidal fluctuation
phase velocity from simulation results of resistive X-point turbulence shows structures extended
across the separatrix qualitatively similar to those observed in fusion experiments. The fluctuation
phase velocity is larger than the E x B velocity in both L and H mode phases. We also demonstrate
that there is a strong poloidal asymmetry in the particle flux in the proximity of the separatrix.
Turbulence suppression and an L-H transition results when sources of energy and particles drive
sufficient gradients, as seen in the experiments. The BOUT simulation results predict smaller
fluctuation levels in the case of the ion VB drift towards the X-point than the ion VB drift away
from the X-point in SN divertor tokamaks due to a change in boundary plasma flow direction away
from the X-point that impacts the strong damping near the divertor X-point[2]. The systematic
scaling with temperature and density as well as q95 will be reported.

REFERENCES

[1] Xu, X. Q., and CohenR. H., Contrib. Plasma Phys. 36 1998) 158.

[2] Xu, X. Q., Cohen, R. H., Rognlien, T. D., and Myra, J. R., Phys. Plasmas, Vol. 7 1951 2000).

[3] Myra, J. R., D'Ippolito, D. A., Xu, X. Q., and Cohen, R. H., Phys. Plasmas, Vol. 7 4622 2000).

*Work performed under the auspices of the U. S. Department of Energy by University of California Lawrence Liver-
more National Laboratory under contract W-7405-ENG-48 DE-FG03-97ER54392 at LRC, and D-AC03-89ER51114
at GA

Acknowledgment to Drs. K. H. Burrell, D. A. D'Ippolito, R. J. Hastie, R. J. Groebner, R. A. Kleiber, R. Moyer,
L. D. Pearlstein, M. Porkolab, G. D. Porter, M. E. Rensink, T. D. Rognlien, M. N. Rosenbluth, and D. D. Ryutov.

1
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Drift-tearing modes:
linear stability and nonlinear behavior

D. Grasso', M. Ottaviani', F. Porcelli','

INFM and Dip. di Energetica, Politecnico di Torino, Italy
' DRFC, CEA Cadarache, France

3 PSFC, MIT, Cambridge, MA, USA

Diamagnetic effects, due to the pressure gradient, influence the linear stability
and mode structure of drift-tearing modes. Here, ion viscosity, particle diffusivity
and effects are investigated in the collisional and semicollisional regimes. The
perturbed current density along the equilibrium magnetic field is localized radially
near the reconnecting mode-rational surface. Ion viscosity introduces a turning
point in the mode structure beyond which the mode amplitude is damped, while
the growth rate scales as a power of the Prandtl number, defined as the ratio between
ion viscosity and resistivity. Also small values of particle diffusivity strongly modify
the mode structure, while the growth rate is practically unchanged. The instability
threshold is not modified. According to Ref. [1], the stabilizing effect due to the
coupling with the ion sound waves is investigated. The analysis is based on the
analytic and numerical solutions of reduced four-field fluid model 2.

The nonlinear dynamics of unstable drift-tearing modes is studied with a spectral
code. The general goal is to explore how the diamagnetic effects change in the
nonlinear regime. More specifically, we present the first studies aimed at determining
the parametric dependence of the island width and of the rotation frequency on the
control parameters of the adopted model.

References

[1] M.N. Bussac, D. Edery, R. Pellat and J.L. Soule Phys. Rev. Lett. 40 2 1500
(1978).

[2] R.D. Hazeltine, M. Kotschenreuther and P.J. Morrison Phys. Fluids 28 (8),
2466 1985).
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PROOF OF QUASILINEAR DIFFUSION FOR THE CHAOTIC MOTION

OF A PARTICLE IN A SET OF PRESCRIBED LONGITUDINAL WAVES

D.F. Escande and Yves Elskens

UMR 6633CNRS-Universitj de Provence, Facultj de St Jjrbme, case 321

Av. Normandie Niemen, F13397 Marseille Cedex 20

The analytical calculation of diffusion and drag coefficients for a chaotic motion is a
Ilongstanding issue. As yet it has been limited to special symplectic maps and to the chaotic

motion of a particle in a set of longitudinal waves with random phases, having all the same
2wave-number and large amplitude We provide this calculation for the chaotic motion of a

particle in a quite general set of longitudinal waves with random phases and large amplitude.

The calculation is done in two steps. The first one proves the existence of a quasilinear

diffusion on a time-scale longer than that for position spreading. The second one uses this

property to extend the result to longer times by introducing the conditional probability

distribution of position and velocity of a chaotic orbit at a given time when they are known at a

previous time. The technique is elementary and the calculation is short. The only property of

chaos which is used is the non confinement of a chaotic orbit in velocity. The technique for the

calculation of the drag and diffusion coefficients in the case of prescribed waves may be

applied to other chaotic diffusions encountered in plasma physics. It also provides insight for

the case where particles and waves are self-consistently coupled.

1 A.J. Lichtenberg and M.A. Lieberman, Regular and stochastic motion [Springer, New York,

1983 .

2D. I36nisti and D.F. Escande, Origin of diffusion in Hamiltonian dynamics, Phys. Plasmas 4,

1576 1997).
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Dynamics of chaotic magnetic lines and noble ITB's in the
Tokarnap.

J H Misguich and Fusion BFR Working Group
Association Euratom-C.E.A. sur la Fusion, CE.A.-Cadarache,

F-13108 Saint-Paul-lez-Durance, France j.misguich�cea.fr>.

Abstract

Internal transport barriers (IT13's) have been observed in Tokamaks, gen-

erally "around" rational surfaces with rational values of the safety factor q,

and even in Ohmic discharges and positive shear situations. Here we present a

purely magnetic approach of this problem and study the dynarnics of magnetic

lines in a situation of "incomplete chaos". Several previous studies have used

Hamiltonian mapping to represent magnetic lines. Here we use the Hamil-

tonian twist map "Tokamap" introduced by Balescu et al. [ Phys. Rev. E

58, 951 1998)] to describe the section points of toroidal magnetic lines in

the poloidal plane (,OO) in presence of a magnetic perturbation of strength
L, which induces the appearance of magnetic islands and chaotic zones.

For low values of L < when there still exist a robust boundary circle
(magnetic surface) on the plasma edge, we find in the plasma core a regular

zone with robust magnetic surfaces, but surrounded by two distinct chaotic

regions, separated by a (permeable) transport barrier across which magnetic
lines perform an intermittent motion.

By using elementary number theory and convergent rational island chains
(mn) following Fibonacci series, this ITB is identified as composed of two

permeable Cantori (broken Kolmogorov-Amold-Moser surfaces) with "most

noble" q-values. No paradox however exists with experimental observations

in wich barriers are identified as being "near" rational q-values instead 

this is also the case here for the two Cantori since the latter appear on two

neighbouring noble q-values surrounding a main rational.

In the regime of large L-values where the boundary circle on the plasma

edge is broken, we have performed dispersion studies for an ensemble of mag-

netic lines starting near the plasma core. The large scale motion shows an

asymptotic radial sub-diffusion, with different transient regimes in time. Tis

behaviour is compared with the flux diffusion in the Chirikov-Taylor standard
map, and characteristic times are given for Tore Supra.

*J.D. Reuss (Cadarache), R. Balescu and B.Weyssow (Brussels), D. Constantinescu and G. Stein-

brecher (Craiova and Cadarache), M. Vlad and F. Spineanu (Bucarest and Cadarache).
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Statistical aspects of turbulent transport in fusion plasmas.

Anatoly Zagorodny
Bogoliubov Institute for Theoretical

Physics, Kiev 352143, Ukraine

The transition probability approach is used to introduce non-Markovian generalisations of
drift kinetic equations with regards to turbulent collisions. Derived equations include collision
terms describing the transverse diffusion in real space and longitudinal diffusion in velocity
space. A renormalized transition probability is calculated taking into account the influence of
turbulent fields on the particle trajectories. It is shown that non-Markovian effects are
important for turbulence saturation in the case of instabilities driven by a gradient in space.
The influence of turbulent diffusion along the magnetic field on transport coefficients is also
discussed.
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Non-equivalence between temperature and energy content: existence of

states with non-Maxwellian bulks induced by ECH

V. Krivenski

Association Euratom-CEA, DRFC, CEA Cadarache, 13108 Saint-Paul-lez-Durance, France

Electron temperature profiles measured by Electron Cyclotron Emission and Thomson
Scattering diagnostics are a cornerstone of the transport analysis of fusion plasmas.
Discrepancies between ECE and TS temperature profiles (not uncommon) are generally
imputed either to instrumental errors, or to contamination of the ECE spectra by the presence
of a high-energy electron tail. This paper discusses a specific case where they are also a
manifestation (among other related effects) of the existence of states out of the
thermodynamical equilibrium.

A new quasilinear Fokker-Planck code was written to simulate the effect of Electron
Cyclotron Heating on the electron distribution function in tokamak plasmas. 1-3 One of the
motivations was to include a quasilinear term that is exactly consistent with the wave
damping of a finite R beam, avoiding some common approximations found in the literature.
In particular, the quasi-singular nature of the quasilinear term for vanishing parallel
momentum (i.e., singularity removed by R frequency spread) was included: this, by taking
into account the finite poloidal extension of the R beam, makes the quasilinear term quasi-
singular along a ID curve in velocity space. High-resolution of the code in both phase and
parallel-wave-number space (typically, about 0.5 billion grid points are used) was achieved
by parallelization. Comparison with the experimental data is performed with a set of parallel
interpretative codes which compute the EC, TS, and X-ray emission spectra for arbitrary
distribution functions.

Simulations with the new FP code show that for on-axis ECH the bulk of the electron
distribution can be distorted and that this effect is caused by the presence of the quasi-singular
part of the quasilinear term. Comparison with experimental findings on FTU4,5 strongly
supports that result. As a consequence of the non-Maxwellian bulk, the ECE temperature in
the power deposition region is enhanced above the thermal level. Expressing the electron
energy content in temperature units also gives temperatures above the thermal level, but
different from the ECE ones. After taking instrumental effects into account, it is found that
the ECE temperature underestimates the actual energy content, and that discrepancies
between ECE and TS temperature profiles exist and are caused by the variation of the
perpendicular slope of the distribution function in the range of thermal energies.
1 V. Krivenski, High-resolution kinetic simulations of ECH, Proc. 13th Top. Conf. Applic. R Power Plasmas

(AIP, 1999) 365-368.
2 V. Krivenski, Bulk electron distribution function and corresponding TS and ECE spectra during ECH, Proc.

26th EPS Conf. Contr. Fusion Plasma Phys. 23j, 385-388 1999).
3 V. Krivenski, Electron Cyclotron Emission by non-Maxwellian Bulk Distribution Functions (Proc. 1 lth

Joint Workshop on ECE and ECRH, Oh-arai, Japan, 1999), Fusion Eng. Des. 53, 23-33 2001).
4 P. Buratti et al., High core electron confinement regimes in FTU plasmas with low-or reversed-magnetic

shear and high power density ECRH, Phys. Rev. Lett. 82, 560-563 1999).
5 0. Tudisco et al., ECH experiments during the current ramp-up in FTU, Proc. 26th EPS Conf. Contr. Fusion

Plasma Phys. 23J, 101-104 1999).
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Theory of energetic ions in fusion plasmas: Report from the 7 h 1AEA
TCM on Energetic Particles in Magnetic onfinement Systems

M.Lisak

Institute for Electromagnetics, Chalmers University of Technology,
SE-412 96 G6teborg Sweden

The 7th IAEA Technical Committee Meeting on Energetic Particles in Magnetic
Confinement Systems was held in G6teborg, Sweden, and was organised on behalf of the
International Atomic Energy Agency NEA) by the Chalmers University of Technology,
G6teborg. The previous meetings of this series, formerly entitled "Alpha particles in
Fusion Research", were held biennially in Kiev 1989), Aspends 1991), Trieste 1993),
Princeton 1995), Abingdon 1997) and Naka (1999).

The programme of the meeting covered theoretical and experimental work on

• alpha particle physics
• transport of energetic particles
• effects of energetic particles on fusion plasma
• related collective phenomena including TAE-modes, EPM, ICE, runaway electrons in

disruptions, etc.
• diagnostics on energetic particles.

The TCM featured such topics in a variety of magnetic confinement systems, i.e.
conventional tokamak, spherical tokamak, helical system and mirror. The TCM was
attended by 60 participants and 42 papers were presented orally and 12 papers as posters.
The aim of the present report is to shortly summarize the highlights of the theoretical
work presented at the 7th IAEA TCM.
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Structural stability of the Grad-Shafranov equation:
transport barriers and fragile equilibria.

E. R. Solano*,

Asociaci6n EURATOM-CIEMAT para Fusi6n
Av. Complutense, 22, E-28040, Madrid, Spain

*Present address: JET EFDA CSU, Culhani Science Centre, Abingdon, X14 3EA, U.K.

An equation, such as G(u)=O, is said to be structurally unstable (or critical) if a small
perturbation of the equation (the operator G) leads to an essential change in its solution.
Essential changes are changes in existence and multiplicity of solutions. A solution u of a
critical equation is called a critical solution. Criticality is associated to the non-linearity of the
equations.

The theory of structural stability of polynomial equations is well known 1,2] We
derive its generalisation to quasi-linear partial differential equations. A simple analytical
criterium for structural instability of the equation, in the neighbourhood of a given solution, is
derived.

The structural stability of the tokamak pasma equilibrium equation is then considered
in detail, taking into account the non-linear dependence of the current density, J, on the flux
surface label, T. Criticality is possible if J is a non-monotonic function of T. Multiple
solutions of the equilibrium equation are possible for given external constraints, and they will
differ in the confined pressure. At criticality, the number of solution branches changes.

In particular, we present the equilibrium conjecture: criticality, leading to multiple
solutions, is related to the sudden appearance of steep gradient regions in tokamak plasmas,
"transport barriers". We show how a transport barrier could be associated with a steep
gradient of T, and with the appearance of a locally diamagnetic region in the plasma. The
steep gradient of T automatically leads to steep gradients in the various profiles (density,
temperatures, electric potential, ...), which affect the transport coefficients themselves.

As the criticality condition is given by the functional dependence of J on T, it can be
associated with shear reversal, but is not equivalent to it. Both H-mode edges and ITB
plasmas could be understood as triggered by criticality of the equilibrium.

Also, criticality may point to fragile 2D equilibria, thereby providing a very simple
criterium for identification of potentially MHD unstable regions in the plasma.

(I] Thom, R., "Stability Structurelle et Morphog&�se". Benjamin, New York, 1972.
[2] Poston, T., Stewart, I., "Catastrophe Theory and its Applications", Pitman, London

(1978).
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Nonlinear magnetic reconnection in weakly collisional plasmas

F. Califanol, D. GrasSO2 , F. Pegorarol and F. Porcejji2

'Institute of Physics, University of Pisa, Italy

2Department of Energetics, Politecnico di Torino, Italy

One of the recurring problems in magnetic reconnection is the identification of the

appropriate generalized Ohm's law. In weakly collisional plasmas, a fluid description may be

adopted, where electron inertia and electron pressure terms play an important role. In the absence of

collisions, electron inertia provides the mechanism for magnetic field-line breaking. Electron

compressibility alters significantly the structure of the reconnection region and allows for faster

reconnection rates, which are consistent with the fast relaxation rates of sawtooth oscillations in

tokamak plasmas. We review briefly the conditions under which the Hall term JxB) in the

generalized Ohm law can play a role and alters significantly the reconnection rates. Finally, the very

possibility of nonlinear, irreversible magnetic reconnection in the absence of dissipation is

addressed. We show that in a collisionless plasma, magnetic islands can grow and reach a saturated

state in a coarse-grained sense. Magnetic energy is transferred to kinetic energy in smaller and

smaller spatial scale lengths through a phase mixing process. An analogy between collisionless

magnetic reconnection and (inverse) Landau damping of electrostatic waves is drawn.
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9th European Fusion Theory Conference

Non-local features of transport in the axial tokamak region

J.P. Christiansen and P. Helander
ELJRATOM/UKAEA Fusion Association, Culham Science Centre,

Abingdon, Oxon X14 3D UK

ABSTRACT

Non-local effects in the transport of plasma and energy imply that local heat flux is
not proportional to the local temperature gradient; the heat flux representation is
therefore not expressed via Fick's law. The present study provides analytic and
computational evidence for non-local transport effects in the axial region of an axi-
symmetric tokamak equilibrium. The starting point is the guiding centre
representation of electron and ion orbits with the three orbit invariants. A suitable
choice of dimensionless variables features: normalised space y=R/Ro, (R toroidal
radius), pitch =vjj/v, (v particle velocity), orbit width p normalised to R the choice
permits a characterisation of orbit topologies in terins of an orbit topology function G.
The function G features five critical surfaces whose equations and geometric
properties are derived. The surfaces intersect and divide the space into two sets of
nine regions: each of the nine regions has different orbit characteristics. A key
algorithm is developed in order to establish the mapping of one orbit mid-plane
intersection point onto the other intersection point. This algorithm permits the fast
calculation of orbit features such as width and plasma surface excursion Ax (x denotes
a plasma surface label). If the distribution function fty,�,p) is given then the
aforementioned key algorithm enables the calculation of the distribution function
f(Ax) to be made with a precision level determined by that with which the equilibrium
is known. From such calculations it is shown that a certain fraction f of the
distribution of orbits have surface excursion levels exceeding those usually assumed
in neoclassical transport theory. The (y,�,p) phase space has sub-regions with large
values of Ax; these are identified and feature mainly orbits crossing the axial region;
here local transport will not be proportional to local gradients. The periodic drift
towards and away from magnetic surfaces does by itself not yield any net transport of
plasma and energy. Two different physical mechanisms causing transport are
considered : i) the E x B drift and ii) pitch angle scattering. Both these mechanisms
produce changes to x and Ax; the largest changes occur in the axial region. A realistic
calculation of the fluxes in the axial region involves Monte Carlo calculations in
which ions (or electrons) sampling the space of fty,�,p) suffer simulated changes to
each of the three variables.
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Stability and evolution of kinetic current-vortex filaments

Hugo J. de Blank

FOM-Instituut voor Plasmafysica Rijnhuizen, Association Euratom-FOM,
Trilateral Euregio Cluster, PO. Box 1207, 3430 BE Nieuwegein, The Netherlands

A kinetic model has been developed for the description of nonlinear processes in collision-

less magnetized plasmas such as the interaction between current-vortex filaments in magnetic

turbulence and the reconnection of magnetic field lines due to wave-paricle resonances and

electron inertia. Such collisionless nonlinear phenomena are encountered in astrophysics as

well as in nuclear fusion research.

The present paper describes the kinetics of electrons in interacting current-vortex filaments.

A drift-kinetic description of the electron motion parallel to the almost homogeneous magnetic

field is combined with a fluid description of "cold" ions in the drift- and Alfv6n wave regimes,

and includes the effects of electron inertia, the ion sound gyro-radius, electron gyro-viscosity,

and parallel Iectron compressibility.

The analytic treatment of nonlinear processes in this three-dimensional, Hamiltonian model

is facilitated by the existence of an infinite class of frozen-in vector fields, which reduce to

conserved integrals (Casimirs) in the case of a two-dimensional geometry.

Stationary moving filamentary solutions are presented that carry both current and vortic-

ity. The associated electric and magnetic field perturbations together confine an electron pop-

ulation inside the structure. These electrons ensure the coherence of the filament by means

of their adiabatic response to slow changes of the external electric and magnetic fields, for

instance during interactions between filaments. The linear stability of a large class of current-

vortex filament solutions is demonstrated.
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L-H Transition Threshold; Orbit Loss Theory Revisited

J.A. Heikkinen', T.P. Kiviniemi2 , T. Kurki-Suonio2 , A.G. PeeterS3, S.K. Sipild2

'VTI'Chenfical Technology, Euratom-TEKES Association, P.O. Box 1404,
FIN-02044 VTT, Finland
2Helsinki University of Technology, Euratom-TEKES Association, FIN-02015
HUT, Finland
3Max-Planck-Institut fUr Plasmaphysik - EURATOM Association, D-85748
Garching, Germany

A variety of different theoretical models to explain a transition to an H-mode in toroidal
plasmas have been suggested [1]. Common to most of them is that a strong shear in ExB
rotation is required at the transition conditions. The theories vary in the way the radial
electric field E is enhanced at transition. One of the oldest theories is the ion orbit loss
theory 2], where the ion orbit losses out of the plasma separatrix cause a loss current
which must be balanced by a return cur-rent driven by an inward electric field close to the
separatrix. However, this theory was later criticised because in experiments the transition
was observed at higher collisionality than where orbit loss current can become strong.

In the present work we revisit this theory, and with consistent kinetic simulations
evaluate the evolution of the electric field for experimental transition conditions without
the limitations of the earlier analytical methods.

A 5D Monte Carlo particle simulation method for advancing rotating plasmas in tori is
presented. The method exploits the neoclassical radial current balance (quasineutrality
condition). Including the ion polarization current gives the time rate of change of the
radial electric field and related evolution of the rotation velocity components. A special
orbit initialization for a quiescent start as well as an efficient radial flux solving algorithm
with reduced numerical noise are developed. Numerical stability of the method with
respect to the strength of the perpendicular viscosity and Mach number of the poloidal
rotation is investigated. This new approach enables one to separate the nonambipolar
transport characteristics from the arnbipolar ones. Because nonambipolar transport can
support sheared flows, this model can provide a very efficient too] for studying transport
barriers and related neoclassical mechanisms in toroidal plasmas.

The transition is simulated for conditions of both spontaneous and biased transitions. The
local edge parameter dependence of the ExB shear is studied. It is found that the shear
becomes high enough at the transition conditions for both in JET and ASDEX Upgrade as
well as in the biased transition conditions of TEXTOR. The model predicts higher
transition threshold for helium than for hydrogen like gas and provides information of
expected threshold in reactor sized tokamaks.

[1] K. Itoh and S.-I. Itoh, Plasma Phys. Controll. Fusion 38 1996) 1.
[21 K.C. Shaing and E.C. Crume, Phys. Rev. Lett. 63 1989) 2369.
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TURBULENT TRANSPORT IN STOCHASTIC HAMILTONIAN SYSTEMS:
FRACTAL TRAJECTORIES AND "STRANGE" SCALING LAWS

Alexander V. Milovanoy (Space Research Institute, Russian Academy of Sciences, Profsoyuz-
naya street, 84/32, 117997 Moscow, Russia, email: amilovanomx.iki.rssi.ru)

The large-scale behavior of the turbulent transport coefficient for stochastic Hamiltonian sys-
tems wth 1 1 degrees of freedom is analyzed in connection with the fractal structure of te2
particle caotic trajectories. The chaotic trajectories are considered as self-affine fracta crves
whose Hausdorff fractal dimension d,, generally exceeds the topological dimension of a smooth
(regular) path, dT = i.e., d > 1. The value of d is related to the topological entropy
of te trajectories and determines the type of the stochastic process (persistent or antiper-
sistent) in presence of correlations between past and future particle displacements in phase
space. The entirely random process (zero correlations between past and future events on all
time scales) corresponds to the value of d, = 2 in this case the chaotic trajectories densely fill
two-dimensional domains in phase space for time t -� oo. Following the fractional dynamics
approach [1], we consider the class of "strange" transport processes for stochastic Hamiltonian
systems:

I �(t) 12) , 2D xt21I (t --+ 00),

where H = 11d.,, is te Hurst exponent, is the generalized transport coefficient, fl�(t)12 is

the mean squared particle displacement versus time t, and the term "strange" stands for the
unconventional power 2H (instead of 1) in the scaling fl�(t)12) DC t2ff . The standard diffusion
process is recovered from (1) for H = 12 and d = 2 The "strange" values < H < 12,
d, > 2 12 < H < , < d, < 2 correspond to a subdiffusion (superdiffusion) in phase
space. Our main finding 2 is the explicit analytical expression for the transport coefficient 
deriving from (1):

D A 2W2/d � A-f. (2)
2

Here, A is the coherence length for the Hamiltonian function, is te caracteristic frequency
describing the evolution of the Hamiltonian in time, and A x w-' is the Kubo number wic is
assumed to be large: A -� cc (i.e., the time variation of the Hamiltonian function is sufficiently
slow). The power exponent -/ defines the low-frequency scaling of the transport coefficient 
versus A, i.e., D cc A-, and is related to d, via

-y = d/(2d,, - 1 = 12 - H). (3)

In case of a diffusion (d,, = 2 H = 12), we have -y = 2/3- this value improves the original
estimate of Isichenko 3 who obtained -y = 710 from the structural analysis of the percolating
isoenergetic contours in random systems. The limit of the frozen Hamiltonian (W 0 A = 0)
corresponds to a subdiffusion with the Hurst exponent H = 2 - /-2)/2 and the Kubo number
exponent -y = 2�,F2, while the Hausdorff fractal dimension is maximized to be d = 2%F2. Te
results obtained are discussed in connection with the "strange" transport processes observed
in tokamaks and space plasma. Implications of te transport laws ()-(2) for the particle
dynamics near self-organized criticalit r onsidered. This study was sponsored by te INTAS
project No 97-1612. References: [I R Metzler and J. Klafter, Phys. Rep. 339, 1 2000) 2]
A. V. Milovanov, Phys. Rev. E 63, 047301 2001). 3 M. B. Isichenko, Rev. Mod. hys. 64,
961 1992).
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Alfve'n eigenmodes and their destabilization by fast ions in
optimized stellarators

Ya.l. Kolesnichenko*, V.V. Lutsenko*, H. Wobig**,
Yu.V. Yakovenko*

*Scientific Centre Institute for Nuclear Research", 03680 Kyz'v, Ukraine
**Max-Planck Istitut fiir Plasmaphysik, IPP-EURATOM Association,

D-85748 Garching bez'Miinchen, Germany

Abstract

Analysis of energetic-ion-driven Alfv6n instabilities observed experimentally on stel-
larators often relies on theory developed for tokamaks, which may be not justified for
two reasons. First, the Alfv6n continuum in stellarators differs from that in tokamaks.
Second, the toroidicity is not the only factor that determines the particle drift motion in
stellarators.

Both these circumstances are taken into account in this work aimed at studying the
instabilities of Alfv6n eigenmodes in optimized stellarators of the Wendelstein line. The
results which will be reported are as follows.

The existence of "absolute" gaps in the Alfv6n continuum, i.e., frequency bars forbid-
den for all continuum branches independently on the mode numbers, is demonstrated.
New continuum gaps, which are absent in axisymmetric devices, are predicted, and the
eigenmodes residing in these gaps are found. It seems that this result may explain the
experiments on Wendelstein 7-AS where a wide frequency spectrum of Alfv6n instabilities
was observed during neutral beam injection [1]. It is found that the plasma compressibil-
ity weakly affects the Alfv6n continuum in Wendelstein 7-AS, which justifies the use of a
reduced MHD equation describing only shear Alfv6n waves.

It is shown for the first time that several sideband resonances rather than the only one
associated with toroidicity (and known from a theory relevant to tokamaks) may essen-
tially contribute to the instability growth rate. New resonances enhance the instabilities
and, moreover, they may result in instabilities in those cases when the conventional res-
onance is not efficient. An especially important role belongs to the resonance associated
with the helicity-induced drift motion.

Destabilization of the eigenmodes existing due to both specific plasma shaping and
the presence of several main Fourier harmonics of the magnetic field strength of a Helias
reactor 2] is considered. The growth rate of various Alfv6n instabilities is calculated.
Namely, we have studied destabilization of Mirror-induced Alfv6n Eigenmodes (MAE),
Helicity-induced Alfv6n Eigenmodes (HAE11, HAE21 and HAE22, where the first and sec-
ond subscripts denote the poloidal and toroidal mode coupling numbers, respectively 31),
Ellipticity-induced Alfv6n Eigenmodes (EAE), Toroidicity-induced Alfv6n Eigenmodes
(TAE), and Global Alfv6n eigenmodes (GAE).

It is found that plasma rotation can considerably change both the frequency spectrum
and the conditions of the instabilities.

Acknowledgments. The work is carried out within the Partner Project Agreement
No. P-034 between the Science and Technology Center in Ukraine, the Scientific Center
"Institute for Nuclear Research", and Max-Planck-Institut fiir Plasmaphysik.

References

�11 A. Weller et al., Phys. Plasmas 8, 931 2001).
2 C. D. Beidler, E. Harmeyer, F. Herrnegger et al., The Helias Reactor HRS4/18,

IPP Report IIII268 (Max-Planck-Institut fiir Plasmaphysik, Garching bei Miinchen,
Februar 2001);

[31 Ya. 1. Kolesnichenko, V. V. Lutsenko, H. Wobig, Yu. V. Yakovenko, and 0. P. Fes-
enyuk, Phys. Plasmas 8, 491 (2001).
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Current drive via autoresonance and intermittent trapping mechanisms.

S. Louies, D. Carati,
ULB, Statistical and Plasma Physics, CP231, Association Euratom-Etat Belge, Brussels, Belgium

Y. Gell,
CET, P.O.B. 39513, Tel-Aviv 61394, Israel.

R. Nakach,
Association Euratom-CEA Cadarache, 13108 St. Paul lez Durance, Cedex, France

The possibility has lately been forwarded of utilising the auto-resonance (AR) acceleration
mechanism proposed by Davydovskii and Kolomenskii and Lebedev [1] for driving currents in
thermonuclear plasmas. This current drive scheme is based on a configuration consisting of two
circularly polarised electromagnetic waves counter-propagating along a constant magnetic field.
The introduction of these two waves in the system was done in an attempt to overcome two basic
difficulties encountered in utilising the AR mechanism for practical plasmas, namely:

1. The necessity of having exact appropriate initial conditions.
2. The necessity of having the indices of refraction of the waves equal to .

It was found that, due to the non-linear interaction of the two waves, a travelling ponderomotive
well was generated allowing for trapping the electrons. This trapping process may condition the
particles for going into AR interactions which results in a high parallel velocity of the electrons
via the v x force (B being the magnetic component of the electromagnetic waves). The trapped
particles movihg with the velocity of the ponderomotive well constitute by themselves a stream
of charged particles in a well defined direction, thus being a current in the plasma.

Associated with the two waves interaction is the possibility for a stochastic behaviour. This
feature is reflected in the intermittent nature of the two just mentioned mechanisms for driving
currents, and can clearly be seen as abrupt changes of the velocity of the particles for very short
periods of time. When considering a single particle analysis, this intermittency ight in principle
diminish considerably the effectiveness of the current drive scheme suggested. It was suspected
however that this will not be the case when a distribution of particles is considered. In that case,
the intermittent nature of the motion of a single particle is masked in average by the regular
motion of the other particles. To test this conjecture, we had to resort to a numerical analysis with
a distribution of particles that might be a reasonable representative of relativistic plasmas. We
have thus considered a Rittner-Synge of electrons 2 Relatively high averaged parallel
velocities have been found for the various sets of parameters considered, indicating the
possibility of generating currents in such configurations. Two major features are revealed from
this analysis 3]: i a high velocity peaking in the parallel velocity distribution function, and ii a
tendency of a plateau formation in this distribution.

1 . V. Ya. Davydovskii, Zh. Eksp. Teor. Fiz. 43 1962) 886 [Sov. Phys. JETP 16 1963) 629]. A. A. Kolomenskii
and A. N. Lebedev, Zh. Eksp. Teor. Fiz. 44 1963) 261 f Sov. Phys. JETP 17 1963) 179]

2. F. Maner, Ann. Physik 34 (Germany, 1911) 856. J.L. Synge, the relativistic gas, Goodman North Holland
Publishing Company 1957).

3. S. Louies, D. Carati, Y. Gell, R. Nakach, Physics Letters A 280 2001), 345.
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TEMPORAL SEPARATION OF TURBULENT TIME SERIES:
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3 CAT-SCIENCE Bt. Detrek,5 u. I/b H1022 Budapest, Hungary
4 Department of Physics, University of Wisconsin, Madison, Wi., 53706, USA
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Density fluctuations were measured with the C02 laser based Lcalised TUrbulence
Scattering (LOTUS) diagnostic [1] in the Wendelstein 7-AS (W7-AS) stellarator. The
discharge analysed in this paper exhibited three confinement states: First L-mode,
thereafter dithering H-mode and finally ELM-free H-mode (H*). We measured density
fluctuations for a perpendicular wavenumber k 1 of 14 cm- in two toroidally displaced
vertical measurement volumes passing through the plasma center. The purpose of the
work presented is three-fold:

1. Verify that the basic procedure 2] can be applied to W7-AS plasmas

2. Use simulations to establish criteria for the applicability of the technique

3. Investigate the differences in the signals between L- and H-modes

Basically, we detect a complex signal from each volume and can construct the phase
derivative with respect to time

i(p 2S = X + 1Y = A AO = XatY - Y,9tX]IA

whose sign determines the direction of the poloidal propagation of the fluctuations. To
illustrate point 3 above, figure I shows the amplitude of the measured density
fluctuation signal (top) and the corresponding phase derivative (bottom) for three 100
/is time windows.
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Figure 1: Amplitude (top) and phase derivative (bottom) of the signal from volume .
Left: L-mode, center: H-mode and right: Background. Data shown was bandpass filtered
[I kHz, MHz].
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[1] Saffman M et al., Rev. Sci. Instrum. 72 2001) 2579
[2] Antar G et al., Plasma Phys. Control. Fusion 41 1999) 733
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A comparative study of the i-mode in
stellarator and tokamak geometries

J. Anderson, T. Rafiq, M. Nadeern, M. Persson
Department of Electromagnetics, EUR.ATOM-NFR Association

Chalmers University of Tchnology, 6teborg, Sweden

The influence of toroidal geometry o on-Temperature-Gradient driven modes
(,qi-modes) is investigated using numerical and analytical equilibria. Te 77j-
mode is one of te main candidates for explaining the anomalous transport in
present tokamaks.

An advanced fluid model is applied for te ion pysics wereas te electrons
are assumed to be Boltzmannian. An eigenvalue quation is derived sing te
Ballooning ode formalism in te electrostatic limit.

A standard sooting technique is utilized to solve te drived igenvalue
equation. Te numerical ilibria employe i tis work is gnerated y te
VMEC code wereas te analytical quilibrium is the gneralized s - a model.

In the present study, explicit comparisons are shown of most of te relevant
geometry dependent quantities like te magnetic drift frequency PD) and te
perpendicular wavenumber (k on different magnetic surfaces ill stellarator
and tokamak ilibria. Quantitative comparisons of the qi-mode growth and
frequency are isplayed for a wide range of te most important parameters.
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Nonlinear Magnetic Beach*

Boris N. Breizman and Aexey V. Arefiev

Instilutefor Fusion Studies, The University of Texas,

Austin, Texas 78712 USA

This work [1] has been motivated by the Variable Specific Impulse Magnetoplasma Rocket
(VASIMR) project 2] that employs single-pass ion-cyclotron-resonance-heating (ICRH) as the
mechanism for f-power deposition in the plasma. The ion response to the rf-field during single-
pass ICRH can be essentially nonlinear. We present a self-consistent theory of the rf-wave
propagation and ion motion through the resonance. An important ingredient of the problem is the
ion flow along the magnetic field. The flow velocity limits the time the ions spend at the
resonance, which in turn limits the ion energy gain. A feature that makes the problem nonlinear
is that the flow accelerates under the effect of the gradB-force and rf-pressure. This acceleration
can produce a steep decrease in the plasma density at the resonance, resulting in partial reflection
of the incident wave. The reflection is most pronounced when the characteristic scale-length of
the density drop becomes shorter than the wavelength. An interesting consequence of this
nonlinear reflection is the spatial modulation of the incident flow. Simple one-dimensional fluid-
type simulations confirm our theoretical picture of the near-resonance absorption and allow us to
quantitatively model the entire process of wave energy conversion into the directed energy of the
ion flow. This work can be viewed as a nonlinear version of the magnetic beach problem 3 for
ion-cyclotron waves.

References
1. B.N. Breizman and A.V. Arefiev, Phys. Plasmas, 8, 907 200 1).
2. F.R.Chang Diaz, et al.,"The Development of VASIMR Engine," in Proc. Int. Conf on
Electromagnetics i Advanced Applications (ICEAA'99), Torino, Italy, September 13-17, 1999
(IEEE, Piscataway, NJ, 1999), pp. 99-102.
3. T.H. Stix "Waves in Plasmas" (American Institute of Physics, New York, 1992),p.342.

*Work supported by NASA and by the U.S. Department of Energy Contract No.-DE-FG03-
96ER-54346.
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Langevin equations for quasi-linear wave-particle interaction.

F. Castej6n and S. Eguilior
Laboratorion Nacinal de Fusi6n. Asociaci6n EuratonLlCieinat para Fusi6n. Av. Complutense 22. 28040,

Madrid, Spain

The resonant wave-particle interaction i the quasi-linear frame can be
considered as a diffusion in momentum space. The interaction between waves and
particles depends on the relative phase between them, which is a random quantity. This
stochastic process can be described by a Fokker-Planck (F-P) equation with a
convective and a diffusive term. There are several expressions for the different regimes
(non-relativistic, weakly relativistic and fully relativistic) where this equation is applied
and all of them have the same structure (see e. g 1.

The solution of this equation is obtained numerically and it is expensive in terms
of computational time. This fact as made that this process is only studied for
homogeneous plasmas or for simple geometries, making difficult to introduce the real
geometry of the plasma confinement devices.

There is another approach to the study of stochastic processes that is based on
studying the trajectories of single particles using Langevin equations. Moreover, there is
a correspondence between F-P equation and Langevin ones and the latter can be
obtained from the former using Ito or Stratonovich algebras 2 In this work we
present Langevin equations for the quasi-linear resonant diffusion that correspond to the
F-P equation for weakly relativistic interaction between plasma and Electron Cyclotron
waves 3 These equations have the following form:

01 F (a) D i. (a)J4, ik= 1,Ha
The vector F and the tensor D are obtained for this particular case and are written as:
111 d (y.,2 DJ+ d Y uj N1D J

D Y,'DCY Y., I N11DCY
F11 d UINIIDCY)+ d ((U I NJ2 DJ Y., I N11D, (uN, )2 DCY

01 (7 //

Langevin equations can be solved numerically 4 and can be easily completed
with other terms that have influence on the dynamics of the particles: Collisions are
easily considered in this frame and the geometry of te device can be also introduced in
the equations. In this way, present Montecarlo codes that arte based on the estimation of
the particle trajectories (see e. g. [5]) can be completed adding the wave-particle
interaction term.

[1] I. Fidone, G. Granata, and R. L. Meyer. Physics of Fluids 25 1982) 2249
[2] N. G. Kampen. Journal of Statistical Physics 24 1981) 175
[3] V. Krivenski, 1. Fidone, G. Giruzzi, G. Granata, R. L. Meyer, and E. Mazzucato.
Nuclear Fusion 25 1985) 127
[4] F. Castej6n, S. Eguilior and L. Rodrfguez-Rodrigo. "On Runaway Transport under
Magnetic Turbulence in Tokamaks". Informes T6cnicos Ciernat 957, Madrid, 2001.
[5] V. Tribaldos. Physics of Plasmas 4 2001) 1229
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Laboratory Observation of Fast Collision-less Magnetic Reconnection

J Egedal A Fasoli and J Nazemi

Plasma Science and Fusion Center
Massachusetts Institute of Technology,

Cambridge, MA 02139, USA

The first results of a basic laboratory experiment aimed at studying te dynamics of
plasmas in the region of a magnetic X-point and the related phenomenon of magnetic
reconnection in a collision-less regime are presented. The experiments are based on the
MIT Versatile Toroidal Facility, VTR

The plasma is created by electron cyclotron resonance heating using a 0 kW klystron
microwave source at 245 GHz. The magnetic configuration is that of a toroidal cusp.
Argon plasmas are created by ECRH resulting in densities and temperatures in the range
of 1018 M-3 and 20 eV. Lundquist numbers of the order of 500-1000 are achieved. These
conditions are suitable for the study of magnetic reconnection in a low collisionality
regime where the collisional mean free paths of electrons and ions are much larger than
the dimensions of the reconnection layer.

Reconnection is driven by the ExB drift, resulting from the combination of the poloidal
magnetic cusp field and the toroidal electric field induced by an ohmic transformer.
Several diagnostic methods based on magnetic probes and electrostatic probes are used
for the field reconstruction and for the electron dynamics. Active optical methods such as
laser-induced fluorescence, LIF, will be applied for the determination of the ion response
during the reconnection process

Due to the topology of the particle orbits no global current is encountered when inducing
an electric field. This neoclassical effect allows the reconnection to occur at the rate
imposed by the external drive.

Based on the experimental observation a self-consistent drift kinetic solution has been
derived, describing the plasma during reconnection in the in/out-flow regions of the
magnetic cusp. This model breaks down in a small region around the X-line where the
particle orbits obtain a finite width, due to curvature and gradient drifts. High-
resolution measurements of the electrostatic potential indicate that this is the region
where the plasma frozen-in law is broken.
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Fractured Superadiabaticity in Wave Heating/Current Drive;
Nonideal Aspects

D.W. Faulconer

Laboratoryfor Plasma Pysics - Association Euratom-Belgian State"
Ecole Royale Militaire - 1000 Brussels - Koninklijke Militaire School

Trilateral Euregio Cluster

Superadiabatic particle behavior can limit energy increase with notable impact on wave
heating and current drive, particularly for energetic particles of low collisionality such as are
found near the hot center of large tokamaks or as result from injection of high energy neutral
beams. Sweeping of wave frequency moderately so as not to entirely lose wave/particle phase
memory (fractured superadiabaticity) resulted in optimized heating rates well in excess of
those seen either without sweeping or with strong ad hoe phase randomization (heating of
beam ions has been considered) 1,2]. The effect of optimized sweeping was found to be only
moderately diminished by collisions in a JET-like machine 2 The present work examines
the influence of nonideal aspects such as heating frequency variations imposed to
accommodate the presence of ELMS, and mismatch of frequencies used to eliminate antenna
cross talk.

I D.W. Faulconer, "Fractured Superadiabaticity for Wave Heating/Current Drive", 27h EPS
Conf. Contr. Fusion Plasma Phys., Budapest, June 2000, edited by K. Szego, T.N. Todd,
S. Zoletnik, EPS, Europhys. Conf. Abstracts 24B, 2000, pp. 1629-1632.

2. D.W. Faulconer, "Fractured Superadiabaticity for Wave Heating/Current Drive;
Collisional", 14'h Topical Meeting o RF Power in Plasmas, Oxnard, May 2001, AIP
Conf. Proc.



P1-6 DKO300096

Reynolds stress and effects of external and self-generated shear
flows

S. B. Korsholm, P. K. Michelsen, V. Naulin) and J. Juul Rasmussen

Optics and Fluid Dynamics Department
Association EURATOM-Riso National Laboratory

Riso, DK-4000 Roskilde, Denmark

A major challenges in fusion research is the understanding and control of the plasma tur-

bulence leading to anomalous transport of particles and energy. Experimentally obtained

improved scenarios such as H-mode confinement regimes show a drastically reduced radial

transport. The generation of H-mode confinement regimes seem to be closely related to

poloidal shear flows in te edge region of the plasma. Generally, it is observed experimen-

tally and numerically that shear flows in plasmas suppresses turbulence and transport.

The generation mechanism of these flows is thus of great interest.

As presented analytically in [1] the so-called Reynolds stress gives a measure of the self-

consistent flow generation in turbulent fluids and plasmas by the small-scale turbulent fluc-

tuations. A measurement of the Reynolds stress can thus elp to predict flows, e.g. sear

flows in plasmas as demonstrated in 2 However, the determination of the Reynolds

stress requires measurements of the plasma potential, a task that is difficult in general

and nearly impossible in hot plasmas in large devices.

In tis work, we investigate the generation and the effect of shear flows in drift wave tur-

bulence and the relation to the Reynolds stress. In particular, we look at an alternative

way of estimating the Reynolds stress via the density fluctuations 3 The advantage of

this quantity, which we term the pseudo-Reynolds stress, is tat accurate measurements

of density fluctuations are much easier to obtain. We demonstrate te validity range of

this quantity analytically and numerically using te Hasegawa-Wakatani model 4 in a
3D bounded geometry.

In order to clarify the role of the self-generated shear flow on the evolution of te drift

wave fluctuations, we further investigate the influence of an imposed external shear flow

on the development of the drift wave fluctuations and the turbulent transport.

[1) P. H. Diamond and Y.-B. Kim, Phys. Fluids B 3 1991) 1626-1633.

[2] C. Hidalgo, C. Silva, M. A. Pedrosa et al., Phys. Rev. Lett. 83 1999) 2203-2205.

[3] P. H. Diamond, M. N. Rosenbluth, E. Sanchez, C. Hidalgo et al., Phys. Rev. Lett. 84
(2000) 4842-4845.

[4] A. Hasegawa and M. Wakatani, Phys. Rev. Lett. 50 1983) 682-686.
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Numerical Study of Electromagnetic ETG Turbulence:
O-dependence of Electron Heat Transport

B. Labit, M. Ottaviani
D6partement de Recherches 'sur la Fusion Contr6l6e

CEA Cadarache 13108 Saint Paul les Durance

It is commonly accepted that confinement properties of magnetic fusion de-
vices are determined by plasma turbulence, usually driven by temperature
and density gradients.

In this work, we specifically consider the electron thermal transport caused
by electron-temperature-gradient (ETG) turbulence. To this end, we have
developped a D toroidal global fluid code that solves a non-linear electro-
magnetic model, which describes the evolution of three macroscopic fields:
the electrostatic potential, the vector potential and the electron pressure.

There is some evidence from experiments on Tore Supra tokamak, that mag-
netic fluctuations play an important role in electron transport 1. Electro-
magnetic effects are controlled by the parameter . In our ETG model, 
enters through the normalized collisionless skin depth d =_ d,/ = pIv�O,
where p = ./r is the reduced electron gyroradius.

In this communication, we show our first studies aimed at determining the
dependence of the electron thermal conductivity on d and p and thus on
,3. In particular, one of our goals is to look for possible transitions between
different transport regimes. An example is the transition between isotropic
turbulence and streamer-dominated turbulence observed in gyrokinetic sim-
ulations 2.

[1] L. Colas et al, Nuclear Fusion, vol 38 6 1998)
[21 F. Jenko et al, Physics of Plasmas, 7 1904 2000)
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On the R-generation of trasverse ion flows
in a hot magnetized plasma

F. Califano", M. Lontano', C. Marchetto','

Istituto di Fisica del Plasma, C.N.R., EURATOM-ENEA-CNR Association, Milano,
Italy

Istituto Nazionale di Fisica della Materia, Universita' di Pisa, Pisa, Italy
Dipartimento di Ingegneria Nucleare, Politecnico di Milano, Milano, Italy

Abstract

A monochromatic longitudinal wave propagating normally to the external
magnetic field can produce an average (over many wave periods) velocity of
the plasma in the direction normal both to its wavevector and to the
magnetic field. This is the result of the kinetic Vlasov-Maxwell numerical
simulations of a ID-2V two-component plasma, when the wave frequency
matches the fourth ion cyclotron harmonic and its wavelength is larger than
the ion Larmor radius, conditions which also cbaracterise an ion Bernstein
mode close to the resonance [1 2.

An analytical treatment of the basic physical process of the transverse flow
generation can be also developed by calculating the variation of the wave
momentum due to its transit across the absorption region. The preliminary
results of this investigation will be presented and the connections with the
numerical evidences will be discussed.

[1 - M. Lontano, F. Califano, Proc. Joint Varenna-Lausanne International
Workshop on Theory of Fusion Plasmas, Varenna, 28 August - I September
2000 (Editrice Compositori, Bologna, 2000).
[2 - F. Califano, M. Lontano, C. Marchetto, "Radiofrequency driven ion
flows in a magnetized plasma ", 28 1h European Physical Society Conference,
poster contribution P3.55.
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Shape effects on stability of internal kink mode

An. Martynov, 0. Sauter

Plasma Physics Research Center (CRPP)
Swiss Federal Institute of Technology
PPB CH-1015 Lausanne Switzerland

The internal kink mode is the possible trigger of the sawtooth crash in modern
tokamaks and in ITER [1 2 Studying the behaviour of ideal and resistive internal
kink mode in different plasma conditions, it is possible to compare with the
experimental data of sawtooth oscillations. In particular the strong effects of
elongation and triangularity and their relation to the resistive and ideal internal kink
modes has been demonstrated experimentally on TCV 3]. Sawtooth modeling based
on internal kink mode in transport simulations using the PRETOR transport code
corresponded well to the experimental behavior of sawteeth in TCV 2]. The model of
sawtooth crash used in this comparison includes the influence of elongation, but not
of triangularity, which is also important for MHD stability of tokamak plasma. Also
the assumptions on the shape of the q profile are not always satisfied in the real
experiments on shaped plasmas. It is important to study therefore the influence of
shape factors, like triangularity and of the q profile on stability of internal kink
modes, both ideal and non-ideal, to be able to improve the model of sawtooth crash.

The first results of this study 4 where the numerical ideal stability code
KINX [5] was used, were obtained for high aspect ratio case. Tile importance of
triangularity and of the q profile parameters has been shown and an analytical
approximative formula describing tese dependencies was also proposed. Hoever this
study was limited to high aspect ratio.

Now the results for more realistic aspect ratios are presented. The dependence
of internal kink mode behavior on aspect ratio and sape parameters as been studied
and the modified analytical formula for internal kink stability is given. This formula is
valid for the real experimental conditions of modern tokarnaks and of ITER.

1. F. Porcelli et al, Plasma Phys. Control. Fusion 38 1996) pp. 2163-2186
2. C. Angioni et al, in Theory of Fusion Plasmas, Proc. Joint Varenna-Lausanne

International Workshop, Varenna 2000, ISSP-19, Editrice Compositori, Bologna
(2000), p 73

3. Reimerdes H et al, Plasma Phys Control. Fusion 42 2000) pp. 629-639
4. An. Martynov, O.Sauter, in Teory of Fusion Plasmas, Proc. Joint Varenna-

Lausanne International Workshop, Varenna 2000, ISSP-19, Editrice Compositori,
Bologna 2000), p. 387

5. Degtyarev L, Martynov A. A., Medvedev S, Troyon F, Villard L, Gruber R
Comput. Phys. Commun. 103 1997) p. 10
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Influence of the relative position of ICRH resonant layer on
the internal kink mode stability

,2 3 4F. Nabais', D. Borbal , M. Mantsinen , M. F. F. Navel and S. E. SharapoV and
contributors to the JET-EFDA Workprogramme*

EMMET, Abingdon, Oxfordshire, X14 3DB UK
Associacao EURATOWIST, Av. Rovisco Pais, 1049-001 Lisboa, Portugal

2EDFA Close Support Unit, Culharn Science Centre, Abingdon OX 14 3D UK
3Association EURATOM/Tekes, Helsinki University of Technology, Espoo, Finland

4EURATOMIUKAEA Fusion Association, Culham Science Centre, Abingdon,
Oxfordshire, X14 3DB

Abstract to te 91h European Fusion Theory Conference, 17-19 October 2001, Elsinore

The CASTOR-K. code 11 was originally developed to study TAE destabilisation by alpha particles.
This code was later extended to analyse the influence of CRH-driven ions on the stability of lower
frequency MHD modes. The code is now being used to analyse JET discharges in which sawtooth
instabilities are observed to play a crucial role. Three types of discharges are currently beeing analysed.
The first set includes discharges where different amounts of NBI power are used. The observed
frequency of sawtooth precursors increases with NBI power, and two scenarios were analysed, ICRH
only and when 10 MW of NBI power is used 2]. This analysis is now extended for scenarios where
higher NBI power is used. It was concluded that the influence of ICRH driven particles over the
internal kink mode stability strongly depends on the mode frequency. For the highest mode
frequencies, ICRH driven particles are stabilising for a narrower range of parameters.

The second set includes some JET experiments to study plasma rotation with ICRH 31, in which the
toroidal magnetic feld was varied throughout the heating phase, consequently varying the ICRH

resonance position. Changes on the sawtooth behaviour have been observed during these discharges.

These canges are thought to be related with the relative position of the ICRH resonance layer and the

q=I surface.

In addition, the CASTOR-K code is now being used to analyse JET ICRH-only discharges with high

fast ion energy content 4 In this type of discharges in the low plasma density limit, a new type of

MHD activity was found wen the plasma density n, decreases below a certain threshold.

f I] - D. Borba and W. Kerner, CASTOR-K, Stability aalysis of Alfven eigenmodes in the presence of

energetic ions in lokamaks, Joum. of Computational Physics 153, 101-138 1999)

[2 - F. Nabais, D. Borba, M. Mantsinen, K. McClements, M. F. F. Nave and S. Sharapov, Numerical

simulations of sawtooth stabilisation by super-thernzal particles i te potato regime, presented on the

28 1h EPS Conference on Controlled Fusion and Plasma Physics, Madeira, Portugal, 2001

[31 - J. Noterdaeme et al, Spatially resolved plasma rotation profiles with ICRF on JET, J. Noterdaerne

et al, presented on the 14 1h Topical Conference n Radio Frequency Power in Plasmas, Oxnard, 79

May 2001

(41 - M. Mantsinen, S. Sharapov, B. Alper, A. Gondhalekar and D. McDonald, A new type of MHD

activity in JET ICRH-only discharges with high fast ion energy contents, Plasma Phys. Control fusion

42, 1291-1308 2000)

This work has been conducted under the European Fusion Development Agreement

*see appendix of the paper by J. Pamela "Overview of recent JET results", Proc. IAEA conference on

Fusion Energy, Sorrento, 2000



PI-11

DKO3001 01

Particle diffusion and density flux in strong

drift-wave turbulence containing vortical structures

V. Naulin, R. Basu, Th. Jessen, P. Michelsen A. H. Nielsen, and J. JuuI

Rasmussen

Optics and Fluid Dynamics Department

Association EURATOM-Riso National Laboratory

Riso, DK-4000 Roskilde, Denmark

Energy and particle transport across magnetic field lines in tokamaks and stellarators,
known as anomalous transport, are generally agreed to be due to low-frequency, elec-
trostatic turbulence wose dominating velocity is t E x B-drift A good candidate to
understand and explain this phenomenon from first principles is drift-wave turbulence.
In tis contribution te diffusion of ideal test particles in electrostatic drift-wave turbu-
lence is investigated numerically. A Hasegawa-Wakatani type model is used to obtain te
2D turbulent flow-field with a self consistent instability drive. Earlier studies of test parti-
cle diffusion ave worked with generalized models for te time dependence of a synthetic
turbulent flow field, wich exclude non-linear effects like mode coupling and the build-up
of correlations. It is shown tat nonlinear couplings lead to the formation of transient
coherent vortical structures in the flow. By distinguishing between particles trapped in
these structures and free particles we derive conditional diffusion coefficients.
We demonstrate, tat te trapping of particles in and sbsequent displacement with te
nonlinear vortex structures leads to an nomalous diffusion. The reason for this is that
the vortices have finite average velocities in te poloidal as well as in the radial back-
ground density gradient) direction.
The vortical structures are also found to ave a strong influence on te turbulent flux
r = n In particular tey give rise to strong bursts in the flux 
Furthermore, we have shown that te rage flux (�) is well described by the flux ob-
tained by using te diffusion coefficient obtained from the dispersion of ideal particles
and Fick's law.
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Effect of radial Particle diffusion on electron cyclotron current drive in the
TCV tokamak

2P. Nikkola', R.W. Harvey O. Sauter and S. Coda'

Centre de Recherches en Physique des Plasmas, Association Euratom-Conf6d6ration
Suisse, .9cole Polytechnique Ndftale de Lausanne, CH-1015 Lausanne

2 CompX P 0. Box 2672, Del Mar, CA 92014-5672, USA

In electron cyclotron heating (ECH) ad current drive (ECCD) experiments in the TCV
tokamak, RF power up to nearly 3 MW has been coupled to the plasma, resulting in a
very large absorbed power density. According to earlier predictions [1], this high power
density should lead to nonlinear behaviour in the ECCD efficiency. However, the results
of te linear ray-tracing/ECCD code TORAY 2 are in relatively good agreement with
the experimentally observed ECCD efficiency 3 One possible explanation for this
unexpected result is the effect of radial transport of particles, which can broaden the
effective absorption power deposition location, thereby reducing the nonlinear effects
associated with te formation of the supra-thermal tail of the distribution function.

The code L3D is used to model ECH and ECCD in the TCV tokamak. It is a tree
dimensional (21) in velocity space and one radial dimension) bounce-averaged Fokker-
Planck solver with a quasi-linear RF diffusion model, using real plasma equilibria 4.
The most recent version of the code [5] has an improved module for radial transport.
In addition to particle diffusion with only a radial dependence, wich corresponds to
electrostatic-like turbulence, diffusion with a parallel velocity dependence, which repre-
sents transport due to magnetic turbulence, can be simulated.

The radial transport has a strong effect on the ECCD efficiency. We shall present results
showing that with a reasonable value of the diffusion coefficient the distribution function
is perturbed over a much larger radial extent than the deposition location obtained by
ray-tracing. This phenomenon is confirmed experimentally in TCV with a hard X-ray
camera which measures the radial and energy profiles of the fast electron bremsstrahlung
emission 6 The hard X-ray camera spectra are compared with spectra calculated by
the the L3D code in order to gain more insight in the main diffusion mechanism.

[11 R.W. Harvey et al, Phys. Rev. Lett., 62 1989) 426.

[2] G.R Smith et al, Proc. 9th Joint Workshop on ECE and ECRH, Borrego Springs, California
(1995), Editor World Scientific 1995) 651; R.H. Cohen, Phys. Fluids, 30 1987) 2442.

[3] P. Nikkola and 0. Sauter, Theory of usion Plasmas, Int. Workshop, Varenna, Editor J.W.
Connor et al, Editrice Compositori, Societ& Italiana di Fisica 2000) 345.

[4] R.W. Harvey and M.G. McCoy, Proc. IAEA TCM/Advances in Simulation and Modeling
in Thermonuclear Plasmas, Montreal 1992).

[5] R.W. Harvey et al, to be published.

[6] S. Coda et al, Proc. 26th EPS Conf. on Cont. Fusion and Plasma Physics, Maastricht
1999, Europhys. Conf. Abstr. 1999) 23J.
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T�irbulent Equipartition and the Dynamics of M-ansport
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OFD-128, Riso, DK-4000 Roskilde, Denmark
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S-172 90 Stockholm, Sweden

The formation of transport barriers and the related intermittent turbulent fluxes
are investigated for flux driven interchange mode turbulence. Numerical simulations on
a bounded domain sow that te turbulence leads to an equipartition of Lagrangian
invariants by mixing. Te averaged equilibrium quantities approac te profiles predicted
by turbulent equipartition (TEP). However, below a critical aspect ration a = ylLx 
3.8 large scale poloidal - so-called zonal - flows are found to develop. These flows, wich
are strongly sheared and often only develops in a part of the domain, quenches te
turbulence and acts as effective barriers for transport and mixing. For long periods the
system is very quiescent. As tere is no longer sufficient mixing by te turbulence to
maintain the TEP profiles, they start to steepen via the diffusive inflow of heat from the
heated boundary, at the same time scale the zonal flows are damped by te viscosity. Tis
leads to the appearance of sporadic flux bursts, which are observed to occur at somewhat
random intervals. The time scale of the quiescent periods between the burst is related to
the viscous time scale.



Pl-14

DKO300104

Electrostatic modes and anomalous transport in low beta,

toroidal plasma

K. Rypdal, S. R. Ratynskaia, V. I. Demidov, J.-V. Paulsen, and E. Tassi

University of Tromso 0000 Tromso Norway

The results reported belong to a project employing the simple torus configuration for

studying anomalous transport in magnetized plasma. Experimental methods emphasize

development of diagnostics and signal processing methods for identification of modes and

measurement of anomalous fluxes. Theoretical efforts include development of realistic

fully nonlinear fluid models for the simple torus configuration and linear stability analysis

of electrostatic flute modes and drift waves. Numerical simulations provide solutions of

various fluid models, and development of numerical iagnostics to facilitate comparison

with experimental results.

Drift modes (kil , 0) are universally stable on both outside and inside slope of te

density profile (no threshold), but growth rate is low. Flute modes kI = 0) are unstable

only on the outside slope, and have treshold = 2RIL, > 1, where L is the density

gradient scale length. Long wavelength drift-modes (k p, < 1) have cross-phase ,,o ;�- 0.

Flute-modes near treshold have 0,6 -_ -Tr. Experiments indicate that the turbulence is

dominated by flute-modes on the outside slope, but drift waves may dominate on the inside

slope.

There is experimental and numerical evidence tat te gradients on te outside slope is

close to threshold for flute-mode istability for te longest wavelengths, and that shorter

wavelengths are driven unstable through a nonlinear cascade. Linear stabilty analysis is

compared to numerical simulations of transport models with sources and wall losses to

determine the relevance of linear mode characterization in the analysis of experimental

results. This and comparison with experimental results idicate that a quasilinear analysis

of te formation of density profile ad wave-spectrum may be a good first order approxi-

mation to the transport problem.
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Local fluctuating non-ambipolarity of the particle fluxes

F. Spineanu', M. Vlad', J. H. Misguich' and R. Balescu'
Association EURATOM-NASTI-Romania, NIFLPR, Bucharest, Romania

Association EURATOM-CEA Cadarache, DRFC, St.-Paul-lez-Durance, France
Association EURATOM-Etat Belge, UniversiM Libre de Bruxelles, Belgium

We consider the particular situation where the electrons are driven by the sudden
onset of a non-ambipolar mechanism, like a localized magnetic perturbation. rom
the balance of poloidal and radial ions momenta it is known to result that the ions
are constrained to instantaneously follow the radial electron flow, which makes the
effect of the non-ambipolarity to be reduced by the very large factor I = C2/V2

A
(here c ad VA are respectively the light and te Alfven velocities). However, with
the electron flux controlled by the perturbation and in the absence of dissipation,
there is no stationary solution of te balance equations, i.e. the ion response is
necessarily time-dependent. We perform a simple analysis of the ion-response and
find that for a uniform spatial solution the poloidal velocity has a very fast oscillatory
motion superposed on a continuous growth on the time scale which is two orders of
magnitude slower than the oscillation..

This motion is competing with the decay associated with the neoclassical damp-
ing of any poloidal tokamak rotation, i.e. the magnetic pumping. Taking ito ac-
count the poloidal damping the velocity is again oscillatory but saturates to a value
which results from the balance of the drive (due to the stationary electron flux)
with the poloidal damping. The time of decay of the oscillations to the stationary
rotation is compared with the relevant time scales revealing the existence of regimes
where most of the energy of an iitial magnetic perturbation goes into knetic energy
of the flow and is finally dissipated via the collisional poloidal amping.

This mechanism can have a substantial influence on the rise phase of the magnetic
small scale perturbations which are unstable on very fast time scales. It is also
relevant in the case of a toroidally rotating plasma entering the region of a magnetic
divertor. The possibility of excitation of electrostatic waves (and conversion of
an initial electron "external" drive into a drift-type mode) is limited by the large
difference in the time scales.

A random sequence of these events provides an average dissipative transfer of
energy from the unstable fast non-ambipolar processes (such as magnetic perturba-
tions) to the bulk of plasma.
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Effect of parallel motion on the radial diffusion in
tokamak plasmas
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Association EURATOM-Etat Belge, UniversiM Libre de Bruxelles, Belgium

The turbulence generated in tokamak plasmas is characterized by a large corre-
lation length All along the confining magnetic field. As X11 is three of four orders of
magnitude larger than the perpendicular correlation length, it is considered to be
infinite in most studies and the problem is reduced at a 2-dimensional space neglect-
ing particle motion along the magnetic field lines. We show here that this parallel
motion can strongly influence the radial diffusion coefficients.

The parallel motion is determined by the electrostatic acceleration induced by
the stochastic potential gradient along the confining magnetic field. It also depends
on the initial parallel velocity of the particles and consequently the parallel motion
is described by two independent dimensionless parameters, the thermal K11t) and
the stochastic K,,,) Kubo numbers. The first is essentially determined by the initial
velocity and the second by the root mean square of the stochastic parallel velocity
induced by the electrostatic acceleration. The perpendicular E x drift motion is
characterized by a third dimensionless parameter, the Kubo number K. A rather
rich class of processes and of regimes appear for various ranges of these parameters.

The study relies on a test particle approach based on Langevin equation which
describes particle guiding center motion. We use the decorrelation trajectory method
[11 which is extended to this 3-dimensional problem.

We show that the generally accepted idea that the parallel motion contributes to
a decrease of the radial diffusion coefficients is not always valid. For low frequency
turbulence characterized by trajectory trapping on the contour lines of the stochastic
potential, an anomalous diffusion regime is obtained with the diffusion coefficient
increasing with the increase of the parallel velocity. This effect is due to the release
of trapped trajectories produced by the parallel motion. In the same time, the
parallel motion also determines another kind of trapping, the parallel trapping in
the potential wells along the magnetic lines. This parallel trapping also influences the
radial diffusion and the effects are different in the quasilinear regime (K < ) and in
the nonlinear one (K > ) where it is combined with perpendicular trapping. Thus
the process of particle diffusion in 3-dimensional stochastic potential is much more
complex than in 2-dimensional turbulence. The diffusion coefficient is calculated as
a function of the three Kubo numbers in the range which is interesting for tokamak
plasmas. Several diffusion regimes are identified.

1) M. Vlad, F. Spineanu, J. H. Misguich, R. Balescu, Phys. Rev. E 58, 7359
(1998).
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Recent Results on Electron Transport in Tokamaks

Jan Weiland
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Abstract

Transport due to Trapped Electron modes (TE) will be discussed and

compared to experiments. In particular questions of stiffness and deviation

of experimental profiles from marginal stability will be discussed.

Comparisons will also be made with transport due to Electron Temperature

Gradient Modes (ETG) and Ion Temperature Gradient Modes (ITG).

In particular also the role of off diagonal fluxes of electron heat and density

will be considered and in this context the ratio of electron particle diffusivity

and electron thermal conductivity. These questions have been brought up by

recent experimental results, in particular on ASDEX1.

1. F. Ryter et. al. Phys. Rev. Letters 86, 2325 2001).
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EFFECTS OF A TEMPERATURE-GRADIENT DISCONTINUITY IN PLASMAS

E. Lazzaro* and H. Wilhelmsson"
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"Chalmers University of Technology, Gbteborg, Sweden
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Information from experiments confirms that heat transport barriers can appear in
magnetically confined plasmas and can affect significantly both the energy confinement
regimes and the interpretation of diagnostic measurements.
When temperature pulses are used for diagnostic purposes in presence of pre-existing
sharp temperature gradient variations (barriers) the observed response depends
significantly on the type of initial and boundary conditions effectively imposed.
In this investigation a number of cases is singled out and treated analytically and
evaluated numerically for one-dimensional model situations, that appear as generalisation
of classical phase transition problems.
The propagation of a heat pulse in a system governed by a non-linear heat diffusivity
with a step-like profile has been studied.
The analysis shows that the discontinuity at the surface of critical gradient may act as a
reflecting barrier, moving on diffusive time scales, for temperature pulses triggered at the
edge, or allow transmission of the heat wave to the plasma interior if certains conditions
are met.
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TURBULENCE SPECTRA OF ELECTRON
MAGNETOHYDRODYNAMICS

T.M. Abdalla, B.N. Kuvshinov, T.J. Schep and E. Westerhof
FOM Instituut voor Plasmafysica "Rijnhuizen", Associatie Euratom-FOM,

TEC) PO Box 1207, 3430 BE Nieuwegein, Nederland

Abstract

The model of electron magnetohydrodynamics (EMHD) provides a fluid de-
scription of plasma phenomena with short time and small length scales. The model
contains a single length scale, the electron inertial skin depth d,. The turbulent
spectra on scales smaller or larger than d, are significantly different 1,2,3]. Previ-
ous studies of 2D EMHD turbulence have been performed both numerically 1,3]
and analytically by means of statistical equilibrium method 2]. Both approaches
show a direct cascade of energy spectrum 1,2,3]. However discrepancies appear in
other aspects. For example, as in MHD, it has been expected that both the square
of the generalized potential and the helicity have an inverse cascade [1], and that
equipartition between axial and poloidal energies is absolute 3]. On the other hand
statistical equilibrium analysis shows that the generalized potential and the helicity
have inverse cascade for scales larger than d, and direct cascade for scales smaller
than d, 2]. Moreover, it has been sown analytically and numerically that equipar-
tition between axial and poloidal energies depends on the initial conditions 2] In
the present study we analyze these discrepancies.

Next, we investigate properties of EMHD turbulence in the presence of pressure
effects. Te model is complemented by an evolution equation for te pressure and a
source term in the vorticity equation that drives magnetic field perturbations. The
2D EMHD model with pressure effects posseses two quadratic invariants. These are
the energy and the square of the pressure. The generalized helicity is not conserved
due to the non-alingment of pressure and density gradients. Scaling symmetries
of the evolution equations lead to power law spectra of Kolmogorov type for both
large and small scale length turbulence in agreement with 1,2,3]. Directions of
cascade, for both quadratic invariants are investigated analytically and numerically.
The evolution of te generalized helicity is analyzed. Numerical simulations of
2D EMHD turbulence are performed on a rectangular box with double periodic
boundary conditions. Spatial discretization is based on standard pseudo spectral
method with N 2 modes and dealiasing. Hyperviscosity in the form _V 2), with
v = 3 is used in order to alow for larger inertial ranges in te turbulence spectra.

[1] D. Biskamp, E. Schwarz, A. Zeiler et al., Phys. Plasmas 6 751 1999).
[2] E. Westerhof, B.N. Kuvshinov, V.P. Lakli-in, et al., 26 1h EPS conf. on Contr.
Fusion and Plasma Physics, Maastricht, 14-18 June, 23j, 29 1999).
[3] S. Dastgeer, A. Das, P. Kaw, and P. H. Diamond, Phys. Plasmas 7, 571 2000).
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Kinetics of nonlocal transfer of electrons in divertor and correlation functions.

O.G. Bakunin. Russian Research Center "Kurchatov Instifule ", MoscowRussia
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In this work consider kinetic model of fast electrons in divertor. Nonlocal transfer of

electrons may realize in condition of divertor. The distribution function for such electrons

considerable differ from Maxvellian one. Let us consider kinetic equation for electrons in

conditions of space nonuniformity plasma with large effective charge of ions: = (I Zff)/2.

UV- df = d I df + f + 8 d (I _U2) df II=COSO;U=VIVT,rU- +T)f - -dx U2 du 2u du 2u' du du

Self-similar solution of kinetic equation indicate on power behavior of electron distribution

I
function in "tail": F(V - V. . The presence power "tail" also may essential influence on

velocity of atomic processes.

In the work is got reserved kinetic equation for nonlocal electrons in conditions

nonuniformity and strongly scattering.

A2 0 � (9FO d� �F + d �=U2
- f �'G (j, �') -

2 dx dx de d�

IAsymptotic solution of this equation have power form in tail FO(V - -V.

In the work offer equation for ballistic electrons in divertor. Correlation among particles

does not destroy, in case of few collisions. It is offered to use the theory of correlations function

in velocity space in stead of kinetic equation: B(t) f vO)v(t)F(v)dv . It is got functional

equation for distribution function of nonlocal electrons:

V<Vofl Vt
K(t) f R F(v)dv - B(t)

0

IThe solution of this equation have Levy function form: F(v) -exp I
v a V.)

Asymptotic solution also have power behaviour in tail region. These calculations shows how

degree's "tails" are appearing at nonlocal particles distribution function. Notice, that the function

F(v) is nonanalytic. This function cannot be calculated by row decomposition of kinetic

equation.
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Monte Carlo Jf calculation of the

neoclassical ion current in a rotating island

A. Bergmann, E. Poli, A. G. Peeters

Max-Planck-Institut ftir Plasmaphysik, IPP-EURATOM Association

85748 Garching, Germany

Neoclassical tearing modes (NTM) play an important role in large toka-

mak experiments, since they apparently set the dominant limitation to the

maximum achievable,3. They are driven by the loss of the bootstrap cur-

rent inside the magnetic island, but finite orbit width (important for the

ions) can lead to a finite current. If the island is rotating a polarization

current is present as well (the ion current is dominant due to larger gyro

radius). It might stabilize or destabilize the island depending on the rota-

tion frequency. The polarization current is enhanced by the finite banana

orbit width. It depends on the collisionality, but only the limits for zero

or high collisionality are known.

We study these effects with drift-kinetic simulations of the ions. An

analytically defined equilibrium with circular cross section and a single

helical perturbation is considered. We use a guiding centre Jf code aug-

mented by a Monte Carlo model of pitch angle collisions. The code is based

on equations of motion derived from a Lagrangian expressed in magnetic

coordinates. It has been applied as well to calculate the neoclassical en-

ergy transport near the magnetic axis where the ordering underlying the

standard neoclassical theory is violated owing to the large orbit width.
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Experimental studies of the transfer phenomena of tritium in an
isotope exchange column for recovery tritium

Anisia Bornea, Ion Cristescu, Marius Zamfirache, Carmen Varlarn.

National Institute of R&D for Cryogenics and Isotopic Separations,
Rm.Valcea, Romania,
e-rnail:anisia�ns-icsi.icsi.ro

The processes for hydrogen isotope's separation are very important for nuclear technology.
One of the most important processes for tritium separation, is the catalyst isotope exchange
water-hydrogen. The main problem of the isotope exchange is the catalytic action of the
reaction. In order to increase the economic efficiency it's suggested using the hydrophobe
catalysts.
The catalyses of type platinum or palladium on the coal, silicagel or alumina support can be
hydrophobe by a special process, covering their surface with tenon or silicone. The studies
proved that by using of the hydrophilic package into the column, the counter-flow exchange
process between the gaseous mixture and the water is more improved and also the achieving
of the condensation-evaporation section is more efficient.
Consequently on the catalytic is achieved the catalytic isotope exchange between the gas and
the water vapors and on the hydrophobic package is achieved the isotope exchange by
distillation between the liquid water and the vapors water.
In a column of isotope exchange tritium is transferred from liquid phase (tritiated heavy
water) in gaseous phase (hydrogen). We analyzed the trans p enomen The mathematical

model presented in the paper
kFknftN] 28 - allowed computing

N-W[CLIJ 26-, experimental data for testing
2 - the catalyst performances.
22-

The transfer equations are
solved using the Runge Kutta

16- method. In this way the speed
14- constants which characterized
12- the isotopic exchange on the
10' catalysis bed k,, and the
8-

so"')o "so so distillation on the ordered
4 package kd, were expressed as6_� 112\ 7\6 �
2- k function of experimentalam �Iv %
0 7- concentrations and
0 10 20 30 40 .50 day hydrodynamic conditions.

Fbed Mm ca Ka on and speed ca ksU The experimental data
for ceta4ft mtcpe adwxA obtained on catalyst isotopic
k a pedcd d expeti. , ei exchange column for tritium

I transfer from water to gas and
the mathematical model to simulate the column behavior allowed to determine the
performance of isotopic exchange column.
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Effects of E X B flows on electrostatic

microinstabilities

A. Bottino, L. Villard, S. Allfrey, 0. Sauter, J. Vaclavik

Centre de Recherches en Physique des Plasmas, Association Euratom - Conf6d6ration

Suisse, Ecole Polytechnique Federale de Lausanne, PPBCH-1015 Lausanne, Switzerland

Microinstabilities, destabilized by spatial inhomogeneities, are widely considered as

the main source of anomalous transport in tokamaks. Recent experiments have shown

that te anomalous transport is considerably reduced at te so called iternal transport

barrier by the presence of a strong radial electric field i the plasma. Several theoretical

models have sown that te f x 1 flow induced by the radial electric field as a strong sta-

bilizing effect on toroidal Ion Temperature Gradient (ITG) modes. If the plasma rotation

is sheared then a decorrelation in the mode structure appears, which tends to stabilize

the ITG [1]. For such a case the shearing rate criterion 2 predicts complete stabilization

when the searing rate of the rotation is greater tha te value of the growth rate of te

most unstable mode without flow. In addition an unsheared f x fl flow can also stabilize

the IT 3 It induces a poloidal rotation which can move the maximum of the mode
out of te region of ufavorable curvature.

A linear gyrokinetic PIC code 4] as been used to study te effects of a radial electric field

in the presence of trapped particles in particular to study the effect of flow on Trapped

Electron Modes (TEM). The interplay between trapped electron dynamics and R x B

flow can strongly modify the behavior of the system. The ITG destabilized by trapped

electrons can be even further destabilized by fl x . flow. Moreover the TEM can also

be destabilized by rotation this, under certain conditions, leads to a transition from the

ITG to a more unstable trapped electron mode. In these cases the shearing rate criterion

is no longer valid.

[1] J.W. Connor et al. Plasma Phys. Controlled Pusion 43, RI 2000)

[2] T.S. Hahm et al. Phys. Plasmas 2 1995) 1648

[3] M. Maccio et al. Phys. Plasmas 2001) 895

[41 A. Bottino et al. Theory of Fusion Plasmas, Int. Workshop, Varenna, 2000, 327
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Evolution of the WKB amplitude of the 1BW
electric field along the wave propagation.

P.E. Trevisanutto*, A. Cardinali, C. Castaldo, R. Cesario

Associazione EURATOM-ENEA sulla Fusione, C.R. Frascati
C.P. 65, 00044 Frascati, Rome, Italy

ENEA Guest

The WKB analysis of the IBW propagation in a tokamak
geometry is extended to study the evolution of the amplitude of the
electric field alone, the rays. The relevant equations for the divergence
of the rays are written and numerically solved at the same time that
the conventional ray tracing equations for the phase. Moreover, the
equation for the energy conservation is integrated along the trajectory
and allows knowing the squared amplitude of the electric field
(Poynting theorem). Focussing of the boundle of rays starting at the
antenna is observed at some points inside the plasma leading to a local
divergence of the electric field amplitude. This local enhancement
of the field was a pure geometrical effect due to the 2D tokamak
geometry. Comparison with ID cylindrical geometry, where an
analytical solution for E12 is available, has been performed. In the
cylindrical case the squared amplitude of the electric field diverges
only as I/r, and the rays inside the plasma does not present any
singularity. The knowledge of the electric field (phase and
amplitude) in 2D geometry is essential for quasilinear and nonlinear
studies of the wave-plasma interaction.
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Nonlinear evolution of ion-acoustic waves in unmagnetized

plasmas

Nikhil Chakrabarti and M. S. Janaki
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Abstract

In a fluid description large amplitude electrostatic acoustic like waves have

been studied in one spatial dimension by using Lagrangian co-ordinates. We

obtained exact solutions for ion-acoustic waves with nontrivial space and time

dependence. Te solutions demonstrate that under well defined initial condi-

tions the aplitude of the solutions algebraically decays with time leading to

short lived nonlinear structures.
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Coherent Structures, and their Stability in j Turbulence

Sheikh Dastgeer, Jan Weiland and Sangeeta Mahajan'
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Periodic arrays of large scale coherent vortices and their stability have

been investigated, within the framework of 77i turbulence, using two dimen-

sional (2D) fluid simulation in slab geometry. These vortices contribute, in

combination with viscocity damping of small scales, to the formation of a

steady state in a system with linearly unstable modes. The steaty state com-

prises of a few vortex convective turn over times and seems to be fairly robust

against the large scale perturbations (kpi 1). We, in te present work,

discuss the results of our preliminary investigations using 2D 77i turbulence

simulation for a variety of initial coherent states. It has been recognized that

a vortex cain, consisting of positive and negative vorticifies, continues to

move stably in the poloidal direction (along periodic direction). On the other

hand, an itial state comprising of a monopole vortex is unstable, and leads

to a long-lived stable dipole vortex after a few turn-over periods. The fluctua-

tion level, diffusivity and the transport fluxes associated with their dynamical

evolution will also be discussed.
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Spatial-temporal Evolution and Instability Suppression of Reactive Trapped
Electron Drift Modes in Nonuniform Plasmas with Background Flows

T.A. Davydova*, J. Weiland** and A.I. Yakimenko*

Institute for Nuclear Research, Prospect Nauki 47, Kiev 03680
** Chalmers University of Technology and EURATOM-VR
Association, S41296 Goteborg, Sweden

Abstract

One of te main candidates for explanation anomalous electron transport in
tokamaks is the reactive trapped electron mode driven by compressibility
(curvature) and electron temperature gradient'. We here study the influence of
flow shear on tis mode with electromagnetic free electrons by solving the radial
eigenvalue problem. It is found that the Waltz rule2of subtracting the shearing
rate from the growthrate usually gives a too strong stabilization of this mode. We
also investigate the spatial-temporal evolution of unstable trapped electron modes
and find that it is strongly influenced by the continuum part of the spectrum. It is
shown that te modes propagate with an acceleration from the source region
thereby widening the region of instability.

1. J. Weiland, Collective Modes i Inhomogeneous Plasma, Kinetic and Advanced Fluid
Theory, IoP Publishing Bristol 2000.

2. R.E. Waltz, G.D. Kerbel and J. Melovich, Phys. Plasmas 1, 2229 1994).
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Nonlinear Fluid Closure Applied for 3-mode ITG Problem with Diffusion

1. Holod and J. Welland

Department of Electroinagnetics
Chalmers University of Technology and Euroatom- VR Association,

S-41296 Gdteborg, Sweden

A. Zagorodny

Bogolyubov Institutefor Theoretical Physics,
Metrolohichna 14b, 03143 Kyiv, Ukraine

The 3-mode slab ITG problem was considered. Starting from drift kinetic equation with

nonlinear term and diffusion, the hierarchy of fluid equations up to fourth moment was

developed. As a closure we have applied nonlinear fluid closure by Mattor and Parker 

Numerical solutions of the system of fluid equations ave been obtained and analyzed. The

time evolution of electrostatic potential shows that nonlinear fluid closure is able to capture

particle trapping, which is important for fusion plasmas. Large attention was paid to studies

of the role of diffusion and viscosity as a dissipation mechanism. Diffusion here represents

effects of background turbulence and can be described by a non-Markovian Fokker-Planck
2operator We can than consider our three wave system as a system of test waves in a

turbulent background. This system can be used to study situations of varying partial

coherence.

1 Nathan Mattor and Scott E. Parker Phys. Rev. Letters 79 1997) 3419.
2A. Zagorodny and J. Weiland Physics of Plasmas 6 1999) 2359.
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Zonal flow and streamer generation in drift turbulence

Giovanni Manfredi,
University Henri Poincare, Nancy, France

The relative importance of poloidally extended zonal flows and radially extended streamers
in regulating drift turbulent energy transport is a central question in tokamak physics. Both
forms of nonlinear structure can be described within the frarnework of the Hasegawa-Mima
equation, as extended by Smolyakov, Diamond and Malkov (Phys Rev Lett 84, 491
(2000)), although streamers have not previously been analysed in this context. Here we
present results obtained by comparing analytical weak-turbulence calculations with
numerical simulations using a spectral code. The analytical results are obtained with a four-
wave model, incorporating a drift wave $[\bf kl-2$) coupled to both sidebands $(\bf
kj_2 \pm. \bf k-I$) by a zonal flow or streamer $j\bf k-l$). Fully nonlinear studies of
a four-wave system have been carried out, and we find that analytical expressions derived
from wave coupling models provide a good guide to the spectral code results. Instability
conditions are found and growth rates computed, showing that zonal flows are more
unstable than streamers, at least at this level of description. Typically, we find that te
streamer growth rate is lower than that of the zonal flow by a factor of order $\rho-s kl$.
Insofar as our Hasegawa-Mima model contains many of the core physics elements of more
sophisticated approaches, these results are of wider importance to the numerical modelling
of drift turbulence in tokamaks.
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On the L to H mode transition and
Instabilities on the H-mode barrier in tokamak

plasmas

Robert Moestarn * Jan Weiland f

May 29, 2001

Abstract

It is pointed out that close to the edge of tokamak plasmas the
fluid equations can support one igh frequency mode and one low fre-
quency mode associated with drift motions. The high frequency mode
is stable in H mode while te low frequency mode can remain at short
wavelengths. We study different regimes of the low frequency mode in-
cluding different ratios of density and temperature length scales. The
low frequency mode can drive a particle pinch on the H mode barrier.

*Department of Electromagnetics, Chalmers University of Technology, SA1296 Gte-
borg, Sweden, moestam0elmagn.chalmers.se

Department of Electromagnetics, Chalmers University of Technology, S,41296 Gte-
borg, Sweden, moestam�e1magn.chalmers.se
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Asymptotic description of radially localized short wavelength
eigenmodes in a tokamak

G. V. Pereverzev
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D-85748 Garching, Germany

A novel asymptotic approach for solving the eigenvalue problem in the sort wave-
length limit AIL < 1) is developed. This approach, called the paraxial WKB method
(pWKB), is applied for solving te boundary value problem in multi-dimensionally
inhomogeneous plasmas.

In this method, eigenfunctions are constructed as wave patterns located in te
vicinity of closed ray trajectories. Once a closed ray trajectory is found te conventional
quantization condition for the eikonal sould be applied. It provides a set of wave
numbers and eigenfrequencies associated with tis trajectory. Te existence of such
a ray can be considered as a necessary condition for an eigenmode. The higher order
approximations of the pWKB technique provide a sufficient condition of existence and
enable one to judge stability of the eigenmode.

The approach is applied to the analysis of gradient-driven instabilities in a toka-
mak. It is shown tat eigenmodes of the ballooning type are generated by toroidally
symmetric closed ray trajectories. Te eigenmode can be thought of as a wave prop-
agating in the toroidal direction (alternatively one can think of a standing wave).
The eigenmode axis is purely toroidal while the mode amplitude exponentially decays
both in radial and poloidal directions. Finally, wave interaction with a plasma defines
whether such a ode absorbs or releases energy.

The exponential decay in the poloidal angle allows constructing a poloidally peri-
odic solution as a superposition of equivalent modes shifted by 27r in the poloidal angle.
Thus the condition of poloidal periodicity can be replaced by the condition of expo-

nential decay in te poloidal direction. As a result, a requirement of te quasi-classic
wave phase being constant along te magnetic field, k1l = 0, is discoupled from the
periodicity condition. One can conclude tat ballooning eigerimodes can be localized
on any, not necessarily rational, magnetic surface.

The paraxial WI(B method can describe drift-ballooning instabilities in the pres-
ence of sheared plasma rotation when the ballooning representation usually used for
this problem fails. Unlike the ballooning representations, the pWKB technique al-
lows for a radial dependence of te wave field kp 5 0, it can be easily extended to
arbitrary geometry and tree-dimensional systems, such as stellarators. On the other
hand, the two approaches are closely related because both use te same small param-
eter In some aspects, the pWKB is more restrictive than the ballooning
representation, terefore te two techniques sould be viewed as complimentary.
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About the conditions of suppression of turbulence effects on the poloidal fluxes in
thoroidal plasmas in the presence of RF eating

N. Pometescu
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Association EURATOM-Etat Belge, Physique Statistique et Plasmas, CP 231 Universit6
Libre de Buxelles, Campus Plaine, Bvd. Du Triomphe B1050 Bruxelles, Belgium

Abstract

Using the methodology of neoclassical transport theory we evaluate the
modification of the poloidal particle and heat fluxes in the thoroidal plasmas due to
electrostatic turbulence in the presence of external Radio Frequency heating.

The effects of te electrostatic turbulence contain two terms. One is proportional
with the correlation between the fluctuating electric potential and parallel component of
the fluctuating electric field and, the other one, is proportional with the correlation
between fluctuating electric potential and perpendicular component of the fluctuating
electric field.

These two terms are affected by different functions which are depending on the
dimensionless parameters - usually named "the fraction of the passing particles", the
resonant magnetic field and the absorbed power density.

The analyze show that turbulence effects decrease when the absorbed power
density increase. The analytical treatment is made in the standard model of the toroidal
magnetic field. The resultant effect of te two terms and the possibility of suppression of
turbulence is analyzed.
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ELECTROMAGNETIC WAVES PROPAGATION IN D
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Abstract. The need for rlatively cost efective methods of fsion plasma
heating is the reason for additional heating systems studies. One such method
is based on hating the plasma by electromagnetic waves with various fre-
quencies. Wave behaviour in a plasma strongly depends on the frequency,
therefore the tools used for wave propagation studies are very different in dif-
ferent frequency ranges. The present work is concerned with the heating of
3D plasmas in the ion-cyclotron resonance and Alfv6n frequency range. One
of the possible applications of this work is the optimisation of low-frequency
plasma heating systems in stcllarators. The aim is to develop a code that will
allow for the calculation of the fields and nergy deposition of a low-frequency
wave propagating in a flly three-dimensional realistic stellarator configura-
tion. At these frequencies (ion-cyclotron resonance, Alfv6n frequency) the
wavelength becomes comparable or even larger than the plasma size, and
a homogeneous plasma approximation is not valid. This requires a solu-
tion of a fll wave equation with an inhornogencous dielectric tensor. The
equation is solved numerically, applying finite element discretisation in the
radial direction and Fourier dcomposition in te poloidal and toroidal an-
g1cs. The plasma-wave interaction is modelled by a fll cold-plasma dielec-
tric tensor, including the parallel electric field term, that allows to simulate
mode-conversion effects. The wave equation is formulated in terms of elec-
tromagneLic potentials. The potentials are chosen rather that the electric
or magnetic fields because of the so-called numerical pollution effect. It has
been shown that a standard finite element scheme for the Maxwell operator
written in terms of fields is subject to spurious, unphysical solutions. The
solution based on the potential formulation is pollution-free. The differential
operators in Maxwell equations are expanded in Boozer magnetic coordinates
applying the transformation algorithms employed in the TERPSICHORE
code to treat 3D equilibria produced with the VMEC code. A comparison
in a tokamak case with the existing two-dimensional LION code shows good
agreement between the results. Initial results for 3D configurations will be
presented.
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The stability of te ion-temperature gradient mode has been examined in the short

wavelength region by using a two fluid reactive model. The model includes first order

FLR (finite larmor radius) effect as well as parallel ion dynamics in the electrostatic limit

with Boltzman electrons. Second order eigenvalue equation is obtained from ion

continuity, ion energy and parallel momentum equations. The ballooning mode

formalism is applied that reduces the three-dimensional eigenvalue problem to a one-

dimensional problem along a field line. The problem is solved numerically in HANF

magnetic field configuration using a shooting code technique and applying the WKB type

boundary conditions. Numerical calculations have been presented on field line of

reference at $\theta =eta 0$ on te magnetic surface $s=0.4$. Increase in the threshold

of $\eta ij$ and decrease in the growthrate in stellarator as comparison to tokamak is

observed, this is due to the nature of shear in stellarators. The upper stability regime for

flat plasma density profile is also found. The flat plasma density profile prevails over the

large portion of the plasma radius, which means that the new regime is dominant and

radically changes the prediction of drift wave theory. The parameter $b$ which controls

the magnitude of the perpendicular wave number has also been scanned. For small $b$

the mode rotates in te ion diamagnetic direction of te electrons drift direction. On the

other hand for sufficiently large $b$ te growth rate of te ion-temperature gradient mode

decreases and the real frequency first increases and then becomes almost constant, this is

also consistent with the corresponding tokamak studies. Furthermore, the stabilizing

effect of small and large temperature ratios have also been observed.
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MEASUREMENTS IN TOKAMAK EDGE PLASMAS
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UniversW Henri Poincar,�, B.P. 239,

54506 Vandcuuvre - 1s - Nancy, France.

A detailed understanding of the dynamics of magnetized plasmas in contact with a wall is

of great importance for the interpretation of probe measurements in tokamaks, particularly

those obtained from Retarding-Field Analyzers (RFA) 1]. This type of probe provides an

integral of the ion velocity distribution in tokamak edge plasmas, which leads to an

estimation of the ion temperature. However, the presence of the RFA itself can perturb the

ambient plasma, thus limiting the accuracy of the temperature measurements. The purpose

of this study is to examine the results obtained from RFA in light of numerical simulations

with a kinetic code.

We consider the iteraction of a collisionless plasma with a fixed wall (representing tile

probe), in the presence of a uniform magnetic field. The ions are described by a fully

kinetic (Vlasov) model, which incorporates turbulent diffusion across ma-netic field lines

by means of a source/sink term 2 Electrons are assumed to be at termal equilibrium.

Simulations are performed with a fine-resolution Vlasov Eulerian code 3 A non-uniform

mesh allows us to consider physical situations where different characteristic lengths are

present, such as the Debye length and presheath thickness.

We investigate the modifications of the plasma characteristics (e.g. temperature, density or

electric potential) induced by the probe. Systematic numerical studies are performed for

different plasma parameters, such as the ion to electron temperature ratio and the parallel

drift velocity. Most simulations display a widening of ion velocity distribution in the

vicinity of the probe. This result has potential implications for the interpretation of RFA

measurements, in order to extract the value of ion temperature without the probe

perturbation.

[1] R. A. Pitts, Contrib. Plasma Phys. 36, 87 1996).

[2] K-S. Chung and 1. H. Hutchinson, Phys. Rev. A 38, 4721 1988).

[3] F. Valsaque and G. Manfredi, J. Nucl. Mater. 290-293, 763 2001).
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Towards a 3D time dependent Fokker-Planck solver for modelling
RF heating in realistic tokamak geometry

Dirk Vn Eester

Laboratory for Plasma Physics
Association "EURATOM - Belgian State"

Ecole Royale Militaire - Koninklijke Militaire School
B-1000 Brussel, Belgium

Despite the availability of powerful supercomputers and the need for predictive tools
to guide the experiments, modelling radio frequency heating in a realistic geometry
and accounting for the actual particle orbits remains a very challenging task. Over the
last years, the most significant progress has been made adopting Monte Carlo
techniques to evaluate the distribution of RF heated particles. Accounting for the
effect of the heated distribution in the wave equation, the importance of RF induced
radial transport and non-standard orbits was demonstrated by Hedin et al. (see [J.
Hedin, Ion Cyclotron Heating in Toroidal Plasmas, Ph.D. thesis, Royal Institute of
Technology Stockholm] and the papers and references therein). To ensure a good
statistical representation of the particle distribution, many particles are however
needed (read: much CPU time is required) to solve the particle diffusion and wave
equations. The logical alternative is to adopt the standard Fokker-Planck approach but
extending it to include orbit dynamics and temporal evolution, the importance of
which having been demonstrated by Hedin et al. The method proposed in this paper is
to rely on building blocks to describe the cross talk between the Fokker-Planck and
the associated wave equation. These common building blocks model the interaction of
the particles sharing a guiding centre orbit and a component of the wave. The level of
sophistication of the wave-particle interaction model being irrelevant for the structure
of the Fokker-Planck program and the computation of the building blocks not
necessitating knowledge of the distribution function, the evaluation of the coefficients
of the Fokker-Planck equation can be done separately via a box interfacing the wave
and Fokker-Planck equations. In the present paper a progress report is presented on
ongoing work to explore the potential of this extended Fokker-Planck approach.
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influence of te radial profile of te magnetic fluctuations on anornalous transport

Boris WEYSSOW
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Bvd du Triomphe, B1050, Bruxelles, Belgium

The anomalous transport in magnetically confined plasma with destroyed magnetic surfaces is of
great importance for fusion. Two complementary theoretical approaches were developed in the
past. In the first one, the plasma is considered globally and described in terms of a reduced
distribution function obeying a kinetic equation. The second one is based on the analogy between
the transport problem and the random walk theory. The two approaches, at least for simple
problems, are known to give the same results. For instance, the two approaches have been
proved equivalent for the exactly soluble problem of collisional guiding centre (GQ motion in a
shearless slab magnetic geometry perturbed by a stochastic magnetic field function depending
only on the axial co-ordinate. The proof is non trivial since the GC behaviour is subdiffusive and
the reduced distribution function (or density) shows asymptotically a diverging variance [1]. The
models usually considered do not account for boundary conditions and/or radial dependencies.
These constraints are however essential to give a more realistic basis to the models and
furthermore may have an important effect on the dynamics since the very existence of a boundary
counteract the increase of the variance of the density distribution. Different models of GC
anomalous transport models with radial profiles are considered. Comparisons between correct
Langevin solutions and solutions of the kinetic equations with memory kernel are provided.

[1] R. Balescu, Hai-Da Wang & J.-H. Misguich, Plasma Phys 112), 3826 1994).
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