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Collisionless particle transport is considered on the base of interaction of plasma particles with wave packets arising as
a result of the overlap of many wave modes. Results of calculation of diffusion coefficients are presented for different
plasma parameters and parameters of magnetic configuration (plasma temperature, magnetic field value, wave
amplitudes, etc.). Low frequency and lower hybrid drift waves are considered. Diffusion coefficients coefficients are
obtained as results of averaging over sets of particle trajectories and particle energies.

PACS numbers: 52.25.Fi; 52.25.Gj; 52.35.Ra; 52.35.Kt

In this work some results of quantitative analysis of a
new model of anomalous transport are presented. Non-
uniform magnetized cylindrical plasma is considered. It is
supposed that anomalous transport is a result of
interactions of plasma particles with drift waves.
Calculations are discussed for low frequency drift (LFD)
and lower hybrid drift (LHD) waves.

The first feature of the model under consideration is
the taking into account of the presence of wave packets as
a sum of wave modes propagating along the azimuthal
direction. Therefore in the framework of this model
anomalous transport is a result of interactions of ions and
electrons with large fluctuations of the electrostatic field
of the mentioned wave packets. The similar model for
tokamak plasma was supposed by W. Horton et al. [1, 2].

The important feature of our model is the possibility
to calculate transport processes in sufficiently non-
uniform plasmas. The point is that analysis of drift
oscillations is restricted by the following conditions:
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or for the separate layer: |n2 - n1| << n, etc. Here n is the

plasma density, B is the magnetic field, 7 is the plasma
temperature, a is the plasma size (or the size of separate
plasma layer); no, Bo, and T, are the scales of n, B, and T,
n; and n, are boundary values of the plasma density for
the given layer.

The second feature of our model corresponds to
calculations of transport processes in sufficiently non-
uniform plasmas. For such plasmas mentioned conditions
are not fulfilled. In this connection we have suggested
many layer model is used. The whole plasma is divided
into many layers in this way that for every layer the
conditions written above are fulfilled. In every layer many
wave modes are propagated. Therefore this model can be
named many layer many modes (MLMM) model. The

wave modes of any two neighboring layers are
overlapped in correspondence to results of wave
equations for drift oscillations [3].

The estimations of diffusion coefficients in presented
model are based on calculations of particles orbits in the
plasma with LFD and LHD waves. To obtain particle
orbits under the action of electrostatic fluctuations we use
calculation model developed in [4].

In this study we deal with sufficiently non-uniform
plasma of field reversed configuration (FRC). In the FRC
plasma is confined in the region of closed magnetic field
lines inside the separatrix. To calculate particle orbits and
transport processes in the vicinity of the separatrix we use
the following approximation of the radial dependence of
the magnetic field:

B)= By~ a-r)., (1)

where B, is the magnetic field value at the separatrix,
dB/dr is the magnetic field gradient at the separatrix, a is
the separatrix radius.

According the calculations carried out or both LFD
and LHD the dependence of the coefficient of the
anomalous diffusion is appears to be

D~¢2B), )

where ¢ =|ed ([/(kT,) is the relative level of the electric

potential fluctuations, ¢, is the maximal amplitude of the
electric potential of the wave, e is the charge of the
electron, k is the Boltzmann constant, 7, is the electron
temperature.

In Figs. 1 and 2, examples of the results of the
numerical calculations of the particle transport under the
action of LHD waves are presented. Different curves in
this figures correspond the different series of calculations
with different initial conditions (start energy and radial
coordinate of the particle, etc.).

From the consideration of single interaction between
the particle and electric field pulse radial displacements of
the particle can be calculated. Using these displacements
and averaged time interval between two interactions one
can estimate the diffusion coefficient in the stochastic
regime [4], that gives for LFD and LHD the Bohm-like
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Fig. 1. Results of numerical calculation of diffusion
coefficient vs magnetic field for different ion energy:
LHD. £=0.1 is assumed
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Fig. 2. Results of numerical calculation of diffusion
coefficient vs relative amplitude & for different ion
energy: LHD. B=1T

D= ¢%kT,(eB)™". (3)

The scaling law of the averaged particle confinement
time corresponding to the diffusion coefficient Eq. (3) is
as follows:
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Fig. 3. Comparison of experimental data for FRC particle
confinement time [7-10] with the estimations of Ref. [6]

Note that the confinement time estimated from
diffusion coefficient Eq. (3) agrees with that previously
suggested in Refs. [5, 6] for the field reversed magnetic
configurations. In Fig. 3 the comparison of experimental
data for FRC particle confinement time [7-10] with the
estimations of Ref. [6] is presented.
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PE3YJIbTATH YACEJIbHOI'O MOJIEJTFOBAHHS BE33IIIITOBXYBAJIBHOI IN® Y31, IHTYKOBAHOI
EJIEKTPOCTATHYHUMU ®JIYKTYANISIMA

B.1. Xgeciok, A. 0. Hipkos, C.B. Pusickos

BessimroBxyBanbHa AUQY3is pO3MISAAETECS 3 TO3MITIT B3aEMOJIIT YACTUHOK IUIa3MH 1 XBUIILOBHX ITAKETIB , [0 BUHUKAIOThH
BHACJI/IOK TIEPEKPUTTsl OaraTtboX XBWIBOBMX MOA. Ui PpI3HMX 3Ha4eHb TapameTpiB IUIa3MH W MarHiTHOI KoHQiryparii
(TemmepaTypy IUIa3Mu, 3HAUEHHS MAarHiTHOrO TIOJIs, aMILIITY[M XBWIb TOLIO) MPEICTaBiIeHI pe3yNbTaTd PpO3pPaxyHKIB
koedimieHTiB udys3ii. Koediuientn audysii Oy oTprMaHi B pe3yIibTaTi yCepeIHeHHs 10 TPAEKTOPISIM Ta eHeprisiM YaCTHHOK.

PE3YJBTATHI YACJIEHHOI'O MOJEJIMPOBAHWS BECCTOJIKHOBUTEJHLHO! ITU®®Y3UH,
WHIYIIMPOBAHHOM SJIEKTPOCTATUMECKAMHU ®JIYKTYALUSIMHA

B.U. Xeecrox, A.1O. Qupkoe, C.B. Pvioickos

BeccronknoBuTenbHas auddy3us paccMaTprBacTCsT Ha OCHOBE B3aMMOACHCTBUSI YACTUII IUIA3Mbl M BOJHOBBIX IIaKETOB,
BO3HUKAIOIIMX B PE3y/bTaTe MEPEKPHITUS MHOTMX BOJHOBBIX MOJ. sl pasiidHBIX 3HAYCHHMH IApaMeTpoB IUIa3Mbl U
MarHUTHOW KOH(HIypamun (TeMIeparypa IUIa3Mbl, BEIMYMHA MATHATHOTO IIOJISI, aMILUIMTY/bI BOJH U T.A.) TIPEICTABIICHBI

pe3yabTaThl pacueToB kod(dummentoB mudysun. Kosddumments: muddy3un ObLH MoTydeHb! B pe3yabTaTe YCPSIHSHUS IO
TPaeKTOPHSIM U SHEPTUSIM YacCTHILL.
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