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Not I ce 

This report presents in a more detailed form the theoretical work of 
the STGI as Indicated In the annual Activity Report of the Département de 
Recherches sur la Fusion Contrôlée. It is hereby hoped that the present 
report will be useful for physicists Interested in additional information. 
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1. EQUILIBRIUM 

1.1 Numerical construction of hvdromagnetic equilibria - G. Bouligand 

He have etablished that on every ordinary toroidal surface (with a 
proper parametric representation) the magnetic field is derived from a 
surface potential solution of an elliptic equation. This field is regular 
(without zero field point) for an analytic potential when the pair of 
total currents, which are inside and outside of the surface, is not zero 
and when the normal metric coefficient on this surface is a positive 
function. These conditions are equivalent to the existence of magnetic 
surfaces near to the first one. 

From this an approximate construction can be proposed to obtain 
toroidal hydromagnetic equilibria with scalar pressure. This is possible 
after solving an elliptic equation on a given toroidal surface, and the 
inversion of a diffeomorphlsm for every integration step. 

References : 

1. G. Bouligand - Propriétés des champs univoques eonservatlfs dérivant 
d'un potentiel superficiel sur un domaine compact nivelé. 
C.R. Acad. Soi. Paris Tome 301, Sâr. 2, H«11, 759 (1985). 

2. G. Bouligand - Conditions de régularité du champ sur une surface 
magnétique torique. Report EUR-CEA FC 1269 (1985). 

3. G. Bouligand - Etude et construction d'équilibres hydromagnétiques 
admettant un axe elliptique. Report EUR-CEA FC 1349 
(1985). 

1.2 The Euclidean character of toroidal equilibria - G. Bouligand 

We have proved that the approximation of equilibria by the finite 
step method generates a Euclidean space when the curvature tensor is zero 
on a magnetic surface. Indeed, the non-zero components of this tensor are 
related by a mixed differential system. This system, which is obtained 
from Bianchi equations, may be used to estimate the curvature defects 
resulting from round-off errors in numerical equilibrium computations. 
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References : 

1. G. Bouligand - Construction des équilibres hydromagnétiques toriques à 

pression scalaire par la méthode des accroissements 

finis. C.S. Aoad. Soi. Paris, Tome 301, Sér. 2, N°12, 867 

(1985). 

2. G. Bouligand - Caractère euclidien de l'équilibre. Report EUR-CEA FC 

1250 (1985). 

1.3 The numerical code INTRIMS - P. Ederv 

The numerical code MTRINS for the accurate description of MHD ,. 

equilibria in systems possessing symmetry of revolution is now in its 

phase of completion. This code will be employed in (1) stability codes for 

the calculation of 0 limits and instabilities in general, and (ii) in 

heating codes for the detailed location of power input to the plasma and 

for the HF field profiles in toroidal geometry. 

1 A Ergodio dlvertor - A. Samain and T. Blenski 

The theoretical study of an ergodic divertor has been continued on y 

the basis of 3-dimensional computations of the density and temp-rature 

distributions within the ergodic layer. The cbjective has been to specify 

regimes where : 

1. The ergodieity, by allowing plasma motion along the flux lines within 

the ergodic layer, imposes a constant prer-u.-e in that layer, but 

does not prevent the energy flux escaping from the core to build up a 

strong thermal gradient. This should result in an accumulation of a 

dense cold plasma at the wall contact. 

2. The ergodic flux lines chanrel the plasma flow into well-specified 

areas at the wall (between the conductors creating the magnetic 

perturbation). This allows the creation of magnetically assisted 

pumping limitera. One obtains from the 3-dimensional calculations 

criteria for such regimes in terms of the quasilinear theory. A 

specification of ergodic ceils for Tore Supra has been derived from 

these criteria. 
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2. MACROSCOPIC PLASMA EVOLUTIOH AMP TBAHSPOBT CODES 

2.1 Thermal stability of a thermonuclear Plasma for a temperature 
deotndent energy confinement time - J. Johner 

The thermal stability of the Ignition curve is investigated using a 
simple OD model for a temperature dependent energy confinement time 
(TE<*1/T ). The stability limit in the (nXB,T) plane is also calculated 
for a plasma with external heating. 

The degradation of confinement time with increasing temperature is 
found to be favourable for divergence temperature and minimum temperature 
for stable ignition. It also decreases the external power per unit volume 
necessary to reach divergence. On the contrary, it is extremely 
unfavourable for the required nx E for divergence and ignition. 

Detailed results are given for the special case of the Kaye-Goldston 
scaling (7= 1.38). 

Reference : 

1. J. Johner - Thermal stability of a thermonuclear plasma for different 
confinement scaling laws. Report EUR-CEA FC 1278 (198;) [to 
be published in Nuclear Fusion], 

2.2 Transport analysis codes - J. Blum. H. Capes. J. Le Foil». 
B. Thooris» 

The bases for a 1 -J-D code have been defined for data Interpretation 
and transport analysis in the TS experiment. In the first part the 
magnetic and kinetic measurements are used to identify the pressure, the 
current density profile and the magnetic surfaces. The resistivity or the 
Zeff profile is also obtained from Olja's law and the electron temperature 
irofile. 

From the transport equations averaged over the magnetic surfaces, the 
anomalous transport coefficients (diagonal end off-diagonal) are then 
identified in order to provide a best fit to the experimental profiles. As 
in the first part, the best fit is realised by setting the problem in the 
form of optimal control. 
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References : 

1. J. Blum, J.C. Gilbert and B. Thooris - Parametric identification of the 

plasma current density. Report JET contract JT/9008 ( 1985). 

2. J. Blum, H. Capes, J. Le Foil and B. Thooris - Projet de code d'inter

prétation 1 D :/2 des mesures du plasma. Note TS 008515 

(1985). 

2.3 Predictive codes - H. Canes. C. Mercier. J.P. Morera. Ha Quang. 

J.M. Chavazas* and G. Cissoko» 

(a) Development 

The MAKOKOT transport codes have been coupled to a simplified 

ballooning instability model (for n -* «•) and used to investigate the 

influence of the current density profile on the P limit. It is shown that 

flat profiles enable the second stability zone to be reached [1J. 

An electron cyclotron heating code for calculating the propagation 

and the power deposition profile for ordinary and extraordinary modes has 

also been coupled to the MAKOKOT codes. 

A simplified version of the MAKOKOT transport codes has been . 

developed for rapid comparison of several empirical electron conductivity 

scalings. 

(b)TFR simulations 

TFR experiments with pellet injection and electron cyclotron heating 

have been simulated with MAKOKOT. Particularly the temporal behaviour of 

the electron density profile after pellet ablation has been studied ; the 

influence of sawtooth oscillations on the central density fill-up has been 

investigated. With ECH the temporal behaviour of the electron temperature 

profile has been reproduced with a heat conduction coefficient scaling 

like T a, with a - 1/2. 

Reference : 

1. H. Capes, C. Merrier, J.P. Morera and Ha Quang - Choix d'un profil de 

courantpour atteindre la deuxième zone de stabilité des 

modes balloon ir.B. Report EUR-CEA FC 1282 (1985). 

* CISI, CE.H. Saclay 
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3. WAVES AMD HF HEATIHG 

3. * Ion cyclotron heating - P. Ederv and H. Plco» 

The finite element code ALCYON {ALumage CYelotronique iOWique), which 

is based on a variational principle, enables the calculation of HF hoating 

power (a ci) input in circular and non-circular cross-section Tokamaks in 

toroidal geometry. 

The code ALCÏ0M also calculates the fine structure of the HF field in 

toroidal geometry taking into account finite ion Larmor radius effects in 

the magnetic field. The code may also be used to optimise the choice of 

efficient antennae. 

Reference : 

D. Edery and H. Picq - A finite element method for ICRF heating 

calculations in real To'camak plasmas. Computer Physics 

Communications 40 [to be published], 

3.2 RF heating studies - ECRH - I. Fidone. G. Granata. G. Giruzzi. 

V. Krivenski. L.t'. Ziebell and R.L. Meyer»» 

During 1985, the main part of the RF work has been devoted to the 

quasilinear theory of ECRH. A Fokker-Planck code is now ready to be 

applied to several problems of electron cyclotron heating. He have already 

obtained an interesting result concerning the power depend'-nce of ths 

extraordinary mode damping at down-shifted frequency, namely, that wa\ 

damping does not deteriorate for increasing wave power. A second problem 

is the generation of fast electrons during ECRH in a low jensity plasma. 

The theory predicts an optimum in the frequency shift for the run-away 

generation. This result has recently received convincing experimental 

evidence. We have also extended the relativistic linear thec-y of wave 

damping to the case of high temperature reactor-like Tokamaks and shown 

new interesting properties of wave-particle interactions for large oblique 

propagation. In particular, we have shown that in high temperature plasmas 

» CISI, C.E.M. Cadarache 

•* Laboratoire de Physique des Milieux Ionisés, Université de Nancy 
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the electron cyclotron wave can directly modify the parallel kinetic 
energy ?Jid momemtum of resonant electrons. Finally, we have Investigated 
electron heating in the T-15 at down-shifted frequency using the transport 
code MAKOKOT. 

References : 

1. G. Giruzzi, V. Krivenski, I. Fidone and L.F. Zlebeli - Electron cyclo
tron wave absorption by the fast tail generated by the d.c. 
eleatrie field in Tokamak plasmas. Plasma Physics 21, 1151 
(1985). 

2. E. Mazzucato, I. Fidone, G. Giruzzi and V. Krivenski - Electron cyclo
tron heating at down-shifted frequencies in existing Tokamak 
devices. Nucl. Fusion 26, 3 (1986). 

3. I. Fidone, G. Giruzzi, V. Krivenski, L.F. Ziebell and E. Mazzucato -
Electron cyclotron heating of a Tokamak reactor with the 
extraordinary mode. Phys. Fluids 22, 803 (1986). 

1. G. Giruzzi, I. Fidone, G. Granata and V. Krivensi-.i - Investigation of 
electron non-equilibrium kinetic processes by pulsed 
cyclotron heating in Tokamak plasmas. Nucl. Fusion [to be 
published]. 

5. E. Mazzucato, I. Fidone, G. Giruzzi and V. Krivenski - Radiofrequency 
plasma heating. Sixth Topical Conference, Callaway Gardens, 
GA, 1985. 

3.3 Optimisation of ion ovolotron minority heating regime in a Tokamak 
M. Cotsaftis 

By studying the structure of the antenna-plasma coupling in toroidal 
geometry, we have obtained from a suitable analytic representation an 
approximate numerical value for the efficiency Z, - Zp/Zo, where Zp and Zo 
denote the impedances of the antenna with and without the plasma. For 
different types of antennas (essentially monopole antennas with a non-nul 
spectruiL of toroidal mode numbers for wave numbers close to zero and 
quadropole antennas presenting a trough for the same wave numbers), it is 
found that the first type yields a large value for Çmono (* 0,25) for a 
wide parameter range, while the second type yields a much smaller value 
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(Çquad = 0,03). This results from the fact that waves with small k n 
propagate more easily. 

With regard to the power transfer to the ions, it is possible to 
optimise the expression for Ç as a function of the different parameters of 
the problem, thereby increasing the value of Çquad ( = 0,15) so that the 
antenna power transfer to the minority Ions is more or less the same for 
both types of antenna (whose choice may then be made according to other 
criteria). This calculation has been carried out by the development of the 
code OMICHEC (in collaboration with JET),which evaluates and optimises Ç 
for various antennas. 

Reference : 

M. Cotsaftis - Optimisation of ion cyclotron minority heating regime 
in Tokamaks. Report EUR-CEA FC 1?88 (1986). 

3.1 Analysis of minority cyclotron heating In a Tokamak* 
M, Cotsaftis 

A system of equations describing heat transport with minority heating 
has been established by means of the approximate analytic expression for 
the fraction of the power input going to the ions and electrons in terms 
of global parameters (densities, temperatures, . . . ) . Due to the existence 
of structural invariants, the system may be reduced to a simple system of 
differential equations whose properties in phase space may be 
investigated. The existence of a critical density is shown above which the 
system solution tends to a single equilibrium point at the origin T e = Ti 
= 0, recalling the dissipatlve character of the experimentally observed 
discharges at the same densities. It is further shown that, whatever the 
law of electron transport with dependence T ^ (a > 0), the minority 
temperature tends to a finite value (which can be infinite in the pure 
neo-classical regime) while the majority temperature attains a maximum and 
then decreases to zero, thus showing the existence of an optimal power 
Input. This result is due to the indirect nature of minority heating. 

Application to JET confirms these results and gives, for widely 
disparate types of transport laws, a maximum majority temperature of about 

* This work i.-c been performed in collaboration with the University of 
California, Los Angeles, where the theoretical part was undertaken 
during a visit. 
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twice the Joule temperature. This shows that this type of heating could 

not be adequate, especially when compared (under the same conditions) to 

majority heating and neutral beam injection with permit a brief 

thermonuclear expansion (Q = 1) with a neutral beam power pulse of about 

26 MM. 

Reference : 

M. Cotsaftis and P.K.C. Wang - Analysis of ion-cyclotron minority 

heating regime in Tokamaks. Heport ECIR-CEA FC 1291 (1986). 

3.5 Lower hybrid heating : cascade theory - Y, Cell and R. Hakach 

(Grenoble) 

The possibility of the operation of a multi-step trapping process in 

the interaction of the ions of a plasma with lower hybrid waves, leading 

to the formation of a tail in the ion velocity distribution is 

investigated. Considering waves propagating perpendicularly to a 

homogenous magnetic field, it is found that the spectral nature of the 

lower-hybrid excitation and the dependence of the perpendicular wave 

vector on the radial coordinate of the torus are the characteristics of 

the system which enable this cascading acceleration to take place. The 

conditions and .limitations for the operation of this mechanism are 

discussed. 

Reference : 

Ï. Gell and R. Nakach - Ion tail formation by cascade trapping in 

lower hybrid heating experiments, Phys. Fluids 29, 816 (1986). 

3.6 Current drive - J.M. Rax» 

In order to solve some problems associated with current drive and 

wave heating, we have applied the Green's function method to the quasi-

linear collision operator. Both slow and fast waves, weak and strong 

power, transient and steady-state responses are considered. The advantage 

of this method is that it immediately yields practical information on the 

problem. The main results of our studies are concerned with the saturation 

of the absorption, the influence of an inductive field and the electron 

cyclotron emission [1, 2, 3] and have been successfully compared with 

experiment [4], 

» Boursier C.F.R. 
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References : 

1. J.M. Rax - Non-thermal cyclotron emission and absorption, Report EUR-
CEA FC 1267 (May 1985). 

2. J.M. Rax - Non-inductive current generation and conductivity, Report 
EUR-CEA FC 1270 (June 1985). 

3. J.M. Rax - Saturation induction and radiation in wave driven plasmas 
(to appear). 
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H. INSTABILITIES 

4.1 Bifurcation theory for tearing modes - E.K. Maschke and B. 

Saramlto» 

The tearing instability of a current-carrying plasma often saturates 

(stationary magnetic islands) or gives rise to time-dependent steady 

states (e.g. saw-tooth oscillations in Tokamaks). The theoretical 

investigation of such states on the basis of the two-dimensional 

incompressible visco-resistive MHD equations has been pursued '• 

directions. 

A numerical investigation of the non-linear solutions for a plcne 

plasma layer has been extended to higher Lundquist numbers S (= ratio of 

resistive to hydromagnetic time scales) up to S = 2.101 using a spectral 

code. For large S (i 10^) the velocity field and the current density are 

strongly concentrated in a narrow boundary layer near the separatrix. 

Therefore a large number of modes is required in the numerical 

calculation. 

A mathematical study .of the general structure of the set of non 

linear solution branches of the tearing problem has been carried out for 

the more general three-dimensic:.al case. Rigorous statements are made 

concerning the bifurcation of stationary tearing solutions from a given 

equilibrium, and results about the stability of the bifurcated solution 

are given. 

References : 

1. B. Saramito and E.K. Maschke in : Magnetic Reconnection and Turbulence, 

M.A. Dubois et al. Editors (Editions de Physique, Orsay, 

France, 1985). Report EUR-CEA-FC 1280 (1985). 

2. E.K. Maschke and B. Saramito - Congrès National de la Société Française 

de Physique, Nice, 1985. 

* Chargé de Recherche au C.H.R.S. 
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4.2 The resistive tearing mode in a weakly two-dimensional sheet pinch 
R.B. Paris 

The influence on the resistive tearing mode of a weak normal 
component of the magnetic fi-id B n in a sheet pinch is examined. The 
dispersion relation in the high conductivity limit is derived in closed 
analytical form and it is shown that the normal magnetic field exerts a 
stabili2ing influence. For values of Bn scaling like q2/5, where q is the 
resistivity, the results obtained relate to recent numerical calculations 
of Nishikawa and Sakai for finite B n. In the very weak ordering with B n 

scaling like n.t/5, the previous analytical result of Janicke is recovered. 

Reference : 
R.B. Paris - The resistive tearing mode in a weakly two-dimensional sheet 

pinch. Report EUR-CEA FC 1285 (1985) [to appear in Physics of 
Fluids]. 

4.3 Stationary convection and anomalous heat transport due to 
resistive MHD modes - R.Y. Dagazian* and R.B. Paris 

Resistive MHD instabilities are known to play a key role in plasma 
confinement physics. However, their relation to the transport processes is 
still not very clear. A beginning is made to understand this 
interdependence in realistic (cylindrical diffuse pinch) configurations. 
For this purpose, an already developed hydrodynamic treatment is followed 
which has been used before only in very simple -ituations. The resistive 
MHD model is employed including the full collisional viscous tensor and 
thermal conductivity. The general formalism for studying stationary 
convection resulting from resistive instabilities is developed and an 
expression is derived valid in the quasi-linear regime for the related 
anomalous neat transport. The implications of particular species of 
resistive instabilities will be discussed. 

References : 
1. R.Y. Dagazian and R.B. Paris - 27th Annual Meeting of the American 

Physical Society, San Diego, 4-8 November 1985. 
2. R.Y. Dagazian and R.B. Paris - Linear stationary states jf dissipative 

modes in cylindrical geometry. Phys. Fluids 22, 762 (1986). 
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4.* The eigenvalues of the simplified id^al MHD ballooning equation -

R.B. Paris. M. flubv and R.Ï. Dagazian* 

The investigation of the spectrum of the simplified differential 

equation describing ' the variation of the amplitude of the ideal MHD 

ballooning instability along magnetic field lines 

4- d+i 2)f- - U + Y2(l + i2) - - £ — L = o, -«<x<oo,j(±«>) = 0, 
dxl dx\ [ (1 + x 2)' 

constitutes a multiparameter Senrôdinger eigenvalue problem. An exact 

eigenvalue relation for the discrete part of the spectrum is obtained in 

terns of the oblate spheroidal functions. The dependence of the eigenvalue 

A on the two free parameters y 2 and P 2 °f the equation is discussed, 

together with certain analytical approximations in the limits of small and 

large y2. 

A brief review of the principal properties of the spheroidal 

functions is given. 

Reference : 

R.B. Paris, N. Auby and R.Y. Dagazian - The eigenvalues of the simplified 

ideal MHD ballooning equation. Part II : the eigenvalue 

problem. Report EUB-CEA FC 1272 (1985) [to be published in J. 

Math. Phys.] 

4.5 The analogue of the Ravleigh-Tavlor instability when g.Vc^ - 0 -

R.B. Paris 

The classical Raylelgh-Taylor instability in an incompressible plasma 

is well known when the equilibrium density gradient V p 0 is antiparallel 

to the gravitational acceleration g. The analogue of this instability when 

g.Vp 0 = 0 (that is, when the equilibrium density gradient is perpendicular 

to g) has been investigated in the linear regime. 

It is found that an instability can still arise but, in contrast to 

the classical case, there now exists an oscillation frequency. The 

dependence of the growth rate and oscillation frequency of the mode is 

examined as a function of g and IVp0l. 

* Los Alamos National Laboratory, USA 
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4.6 Half-ooalescence instability - M.H. Bussao*. R. Pellat» and M. 
Tagger 

He have progressed in the study of an ideal-MHD instability (the 
half-coalescence mode) which we have recently introduced, and which might 
load to an explanation of the sawtooth activity in Tokamaks. This 
instability affects the (m = 1, a = 1) magnetic island by breaking its up-
down symmetry. He have extended our calculations to take into account the 
exact island shape [1] and to show that, in helical cylindrical geometry, 
the mode is further destabilized by pressure gradients [2] . Work is now 
in progress to incorporate exact, to.-oidal geometry. 

References : 

1. M.N. Bussac, R. Pellat, J.L. Soulé and M. Tagger - Phys. Lett. 105A, 51 
(1984) [and addendum Phys. Lett. 109A, 331 (1985)]. 

2. M.N. Bussac, R. Pellat, J.L. Soulé and M. Tagger - in Magnetic Recon-
neetion and Turbulence (M.A. Dubois et al., Eds.), Editions de 
Physique (1985). 

4.7 Spiral waves in galaxies - J.F. Sygnet*'. R. Pellat* and M. Tagger 

Using methods developed in the context of plasma physico, we 
introduce a consistent hydrodynamical description of flat, self-
gravitating systems (e.g. spiral galaxies or planetary rings). This allows 
us to derive a powerful energy principle describing spiral modes in 
galaxies [1]. He are now considering non-linear mechanisms which could 
explain the persistence of these modes as long-lived, low amplitude 
features in most of the observed galaxies. 

Reference : 

1. J.F. Sygnet, R. Pellat and M. Tagger - Submitted to Astronomy and 
Astrophysics. 

* Centre de Physique Théorique, Ecole Polytechnique 
** Institut d'Astrophysique, Paris 
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5. MAGNETIC ISLANDS AMD TURBULENCE 

5.1 Magnetic islands - C. Mercier 

The system of equations used to find the magnetic islands in Tokamak 
systems has been generalised to include all the components of the 
perturbing magnetic field. It Is thus shown that a magnetic island can 
disappear for certain forms of perturbations. 

5.2 A statistical analysis of Tokamak plasma turbulence 
J. Andréoletti 

Laser light scattered from TFR plasmas is dui to the density 
fluctuations as seen along a vertical diameter. In collaboration with the 
experimental group measuring these fluctuations, a statistical analysis of 
some signals has been made [1]. The method consists in defining vectors 
each representing a sequence of regularly time spaced values of the 
signal, introducing a norm in the corresponding space, and then studying 
the repartition of these vectors as time proceeds. The results of this 
study indicate that turbulence is not fully random but reveals some 
internal structure. 

Reference : 

1. H.J.Barkley, J. Andréoletti, F. Gervais, G. Olivain, A. Quemeneur and 
A. Truc - A statistical analysis of Tokamak plasma turbulence. 
Report SUR-CEA FC 1294 (1985) [submitted for publication in 
Plasma Physics}. 

5.3 Microturbulence - P. Samaln. X. Garbet and F. Mourgues 

The problem of tie mechanism of microturbulence in Tokamaks is 
considered along the following two lines : 

1. The micro-tearing modes are plausible candidates for explaining the 
confinement degradation, but are not linearly unstable in the 
pertinent colllsionless regimes. This is due to the fact that, in 
such regimes, the parallel currents Induced by the inductive electric 
fields of the modes, while they have the proper amplitude to sustain 
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the matjne*"ic perturbations, do not exhibit the correct phase. The 
mechanism of the instability is sought in a bootstrap effect, namely 
the effect of the electron diffusion produced by the bulk of the 
microtearing modes, which changes the parallel impedance of electrons 
in the -esonant layers, and may thereby ensure the proper phase for 
the parallel currents. 

2. The instabilities due to ion and electron diamagnetism at relatively 
large values of 0 produced *•> present l'okamaks, are systematically 
analysed numerically by using variational techniques. 

5.1 Anomalous resistivity increase due to non-linear coupling of 
small-scale magnetic islands - P. Ederv 

An analytical study based on the resistive non-linear MHD equations 
has shown that an anomalous increase in -he resistivity leads to a 
disruption. This anomalous effect is due to the turbulence of tearing 
modes of weak scale (» > 2). The evolution code REVE has confirmed this 
analysis for values of the magnetic Reynolds number S s TR/XH > 105. 
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6. THAMSPOHT COEFFICIENTS 

6.1 Magnetic field effect on thermal relaxation In an electron-ion 

plasma - P. Ghendrih 

Using a Landau kinetic equation which has been previously derived for 

a magnetized plasma ('J. one considers the effect of the magnetic field on 

the collision processes. The second moment equation is obtained for a 

homogeneous electron-ion plasma with Maxwellian distributions and 

different temperatures. This relaxation equation yields an expression for 

the energy equipartition frequency v ei (B) [2], which holds for all values 

of the magnetic field. 

The two limits of vanishing and infinite magnetic field, are 

calculated analytically and a ratio of 1/2 is found [lim v ei (B) = (1/2) 

lim„vei (B)], which can be explained in a simple way. For intermediate va

lues of the magnetic field, an analytical calculation of the energy 

equipartition frequency leads to three different régies. The analytical 

value is compared to a numerical computation, and a qualitative agreement 

is found. After a plateau regime for small values of the magnetic field, a 

sharp increase of v ei (B) is found when the electron Larmor radius becomes 

smaller than the Debye screening length. For larger values of the magnetic 

field, two decreasing regimes are found before the infinite magnetic field 

plateau. This strong enhancement of the equipartition frequency (up to a 

factor 2) differs from the classical result in the literature. 

The study of the magnetic field effect on the energy equipartition 

frequency is completed by the computation of the dependence on the ratio 

Te/Ti ranging from 10 to 0.1, and on the plasma parameter, ranging from 

102 to 1010. The energy equipartition frequency is also given for current 

Tokatnak plasmas, where corrections of 10 ï are obtained. These results 

show a great sensitivity to the exact screening mechanism. 

References : 

1. P. Ghendrih and J. Misguich - Kinetic equation for an inhomogeneous 

magnetised plasma. Report EUR-CEA FC 1281 (1966). 

2. V.P. Silin, Sov. Phys. JETP Je, 1281 (1963). 
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6.2 Diffusion of charged particles in turbulent rcaanetonlasmas -
J.H. Misguioh. R. Balescul. H.L. Pécselii. T. Mikkelseng. S.E. 
Larseni and Qlu Xiaomingl 

Diffusion of chargée! particles in a turbulent, strongly magnetized, 
plasma is considered. The analysis deals with electrostatic fluctuations 
perpendicular to the magnetic field lines. The turbulence is thus es
sentially two-dimensional in a plane perpendicular to an externally impo
sed homogeneous magnetic field. Tn the analysis particles are transported 
in this plane by the gyrocentre drift motion. A non-linear description is 
given for absolute diffusion, which yields a Bohm scaling in the case of 
frozen turbulence or for large amplitudes of electrostatic fluctuations. 

Particular attention is given to the description of the relative dif
fusion of two charged particles. This process is described by a generali
zation of non-linear Brownian motion, including a first stage of very slow 
initial relative diffusion, followed by a stage of rapid separation until 
a final stage is reached where the particles become unoorrelated and clas
sical Brownian-like diffusion is reached asymptotically. The stage of ex
ponential growth (which has been measured in fluid turbulence) corresponds 
to the "clump effect" in plasmas : it is entirely due to non-vanishing 
statistical correlations between trajectories. For a drift-wave turbulence 
spectrum, an analytical result is given for the Lyapunov exponent, a cha
racteristic feature of chaos. 

The analysis applies to rather general power-spectra for the tur
bulent electric field fluctuations. Some special cases can be solved ana
lytically. A spectral wave number subrange, characterized by a spectral 
index -3, is given particular attention because of its general occurence : 
such a subrange is observed for the enstrophy-casoade subrange in ideally 
two-dimensional fluid turbulence and also in Tokamak plasma drift-wave 
turbulence. Finally, some practical implications of the results are out
lined. 

Reference : 
J.H. Mlsguich, R. Balescu, J.L. Pécseli, T. Mikkelsen, S.E. Larsen and 

Qiu Xiaoming - Non-linear diffusion of charged particles in a 
turbulent magnetoplasma. Report EUR-CEA FC 1252 (1985). 

1 Association EURATOM-Etat Belge, Faculté des Sciences, CP 231, Campus Plaine, Université 
Libre de Bruxelles (Belgium) 

2. Association EURATOM-RisS National Laboratory, P.O. Box 49, DK-4000 Roskilde (Denmark) 
3. Southwestern Institute of Physics. Leshan, Sichuan (People's Republic of China) 
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6.3 numerical simulations of guiding centre diffusion in electrostatic 

turbulence - M. Pettinil. A. Vulpianig. J.H. Miszuich. R. 

Balescui. M, de LeenerS and J. 0rban2 

The observed turbulent electrostatic fluctuations in plasmas are 

known to induce drift notion of the guiding centre in the direction 

perpendicular to the magnetic field. This is one possible origin of 

turbulent transport. 

In order to test the validity of the non-linear theory of diffusion 

proposed by Misguich et al. [1] in a simple case, we have performed 

numerical simulations of the trajectories, and calculated the diffusion 

coefficient with several hundreds of particles in a given spectrum of 

electrostatic fluctuations perpendicular to the magnetic field. The 

spatial energy spectrum is represented by several thousands of waves, in a 

k-3 subrange as has been measured in the TFR Tokamak (drift waves). 

We approach the description of an isotropic, stationary and 

homogeneous turbulence by means of three successive but yet idealized 

models of realistic properties. Such dynamical systems are non-autonomous 

Hamiltoniansyst" is H = <D(x, y, t), with an increasing number of realistic 

properties. They appear to be chaotic, and the Lyapunov exponents are in 

qualitative agreement with the theoretical predictions in the domain of 

weak turbulence, with no apparent chaotic threshold. 

It appears that the non-Gaussian feature of the Lagrangian variables 

becoir.es smaller and smaller in the three models, and this could explain 

why Che simulation results for the absolute diffusion coefficient D become 

closer and closer to the theoretical predictions, with a final rather good 

agreement. 

As a function of the turbulence amplitude E, we observe a transition 

between two scaling regions for the diffusion coefficient : a quasi-linear 

scaling at low amplitude (D - £ 2 / B 2 ) , and a Bohm scaling at higher 

amplitudes (D -E/B), in agreement with the predictions for these models. 

1. Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 50125 Firenze, 

Italy 

2. Dip. di Fislea, Università di Roma I, Pie. Moro 2, 00185 Roma, Italy 

3. Association Euratom-Etat Belge, Faculté des Sciences, Université Libre 

de Bruxelles, Belgium 

http://becoir.es
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By studying the relative diffusion of initially close particles, we 

obtain a quantitative confirmation of the clump effect and we check the 

validity of the theoretical treatment of such non-linearities. 

Reference : 

1. J.H. Misguich, R. Balescu, H.L. Pêcseli, T. Mikkelsen, S.E. Larsen and 

qiu Xiaoming : EUR-CEA FC Report 1252 (1985). 

6.t Long time correlations in the "standard mapping" - P. Rolland 

(Grenoble) 

The stochastic acceleration of particles interacting with an R.F. 

wave -in heating or current drive experiments- is not réductible to a 

simple diffusion, like the one predicted by the ramdom phase 

approximation. Indeed, the visit of the neighbourhood of accelerating 

islets in phase space induces long time correlations, which bring on 

strong intermittent accelerations. In the lowest non-trivial 

approximation, this process can be described by the "Standard Mapping" 

(1), in which V is the particle velocity after n revolutions in the torus, 

X is the phase of the wave and K is a parameter. 

Vn+1 = V n + K sin inX n ; X n+1 = X n + V n+1. (1) 

The role played by long time correlations associated with 

accelerating modes has been investigated theoretically and numerically 

using an original method based on a "statistics of runs" : each trajectory 

is divided into "segments" of K iterations. Each segment gives rise to an 

acceleration M belonging to the domain -KN, KN. This domain is divided 

into intervals denoted by M s ... -2, -1, 0, 1, 2 ... . a sequence of L 

consecutive segments giving the same acceleration M constitutes a "run" 

denoted by L, M. We count the number Z(L,M) of such runs. The distribution 

of these runs as a function of I and M reflects the nature of the 

correlations. If the segments belonging to some class M are statistically 

independent, we ...ust observe a law of the form Z(L,M) - P L, where P is the 

probability of realisation of at least 1 segment of the class M. 

Inversely, if the segments are correlated, the decrease in L is much 

slower. 
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The velocity distribution p(V) Is deduced from the distribution of 

the segments as a function of the number of iterations : the uncorrelated 

segments are distributed according to a 3ernouilli scheme. The correlated 

segments constitute* runs which are sufficiently independent to be 

distributed again according to a Bernouilli scheme. This leads to a 

diffusion coefficient ':ell above the one given by the short time 

correlation theory, and more consistent with direct numerical calculations 

of <AV2>. 

Reference : 

?. Rolland - Les corrélations à long terme dans le "Standard Mapping". 

Congrès National de la Société Française ds Physique, Mice 

1985. 
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y. SPECTROSCOPY 

7.1 Scattering of near-resonance radiation - D. Voslamber 

Tiie scattering of near-resonance radiation in a oollisional 
environment is important for plasma diagnostics and has been studied using 
a model in which the atoms are treated as two-state systems whose 
interaction with the surroundings results in an adiabatic perturbation of 
the upper level. In contrast to the majority of previous Investigations, 
and in view of inlcuding atom-ion collisions in a plasma, the binary-
collision assumption has been avoided, and iull account has been given of 
the intercorrelation between radiative and collisional events. The 
treatment leads to a scattering spectrum showing three distinct 
contributions : a sharp Rayleigh peak, a broadened Rayleigh peak and a 
broadened fluorescence peak. 

The existence of a sharp Rayleigh peak has been shown under 
conditions which are considerably wider than in the previous work on 
redistribution ; in particular, these conditions allow for almost 
arbitrarily slow perturbations, the only limit being that their 
characteristic fluctuation time must be short compared to the observation 
time. For slow perturbations, the Rayleigh response function (integrated 
intensity of the sharp contribution) turns out to be significantly 
different from the absorption profile, even close to resonance. The 
broadened Rayleigh peak also occurs when the perturbed atoms cannot be 
excited resonantly in a given level perturbation, as in the case on the 
antistatic wing of a spectral line. In case the atoms can be excited 
resonantly, the broadened Rayleigh peak can be interpreted as resulting 
from spontaneous emission in a given level perturbation during the time 
the level has not deviated appreciably from its initial position. 

Explicit expressions for the scattering spectrum, where the broadened 
Rayleigh peak is displayed, have been derived for the cases of (1) small 
perturbations, (2) very slow perturbations, and (3) perturbations obeying 
a Poisson step process. 


