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Analysis of different kinds of wave fields in plasma induced by waves propagating in plasma is made. It is shown that
the possible cause of collisionless diffusion is scattering of particles on complex field arising as a result of summarising

of many wave modes.
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1. INTRODUCTION

As a rule models of collisionless anomalous transport
in plasma are based on quasi-linear theory [1-4]. The
simplest approach of anomalous processes takes into
account interactions only between two subjects in plasma:
charged particles (electron and ions) and low amplitude
wave modes. Interactions “wave-wave” and “particle-
particle” are not taken into account.

Recently a new model of the wave fields in tokamaks
have suggested by W. Horton et al. [5, 6]. This model
focuses attention on formation of large electrostatic wave
fluctuation (wave packets) representing the summation of
many wave modes propagating in plasma.

In this paper similar approach for cylindrical plasma is
discussed. Really model implies following picture of the
wave field. It includes two components. First component
is the background of the weak wave oscillations in
plasma. Their averaged a such that they exert negligible
action on particles. On the background of the weak
oscillations large wave packets are formed. It is the
second feature of the model. In the frame of this approach
the reason of anomalous transport is the influence of the
large field fluctuations (wave packets) on particles.

For cylindrical plasma at fixed radius » the set of
azimuthal wave modes appears. These modes satisfy the
conditions of existence: 2T0/A=integer number (A is the
wavelength), and they have similar amplitude values.
Different modes rotate with different velocities. On the
background of these modes the wave packets arise and
decay. At different radii of non-uniform plasma different
sets of wave modes are formed. In the whole the complex
picture of the wave field arises.

2. TRANSPORT IN CYLINDRICAL
MAGNETIZED PLASMA

It is supposed that amplitudes of all wave modes at
fixed radius » are the same end they are equal E,. Here
wave modes with the same phase velocity are considered.
In this case total electrostatic field takes the form

n=N d 0 K DD
E(s,1)= Eycos(kys- 0,t) ¥ sinDnAw@—- t@ﬂ, (1)
n=-N ﬁ Vph ﬁ

where s is the azimuthal coordinate, v,,=v,(r) is the phase
velocity, Eo= Eo(r), ko and u) are the wave vector and
frequency, Aw is the frequency shift. All parameters of
the plasma, magnetic field and electric field (1) are
choose in such a way that the drift approach to the particle

motion is fulfilled. Then corresponding equation is
dr _ E(s,r,t)
T TN s (2)
dt B(r)
where B(r) is the magnetic field.
The phase angle of the wave 0 is introduced. Than the

map of Eq. (2) with electric field Eq. (1) in (r, 8) phase
plane is the following:

rip =1t K(r)cost ;|
(3)
0,0+ 22)—(3.
Note that K = i;(—i’;)< T> , where <T> is averaged

time of the wave packets passage with the respect of
magnetized particles. Condition of stochastization is [7]

0K

(5rj

= = ;1

Sy 1‘

5rj

Therefore K has to be a function of the radius in order to
satisfy the stochastization condition

Some results of calculations are presented in the
Figure.

3. CONDITION OF AMBIPOLAR
TRANSPORT

In this Section the ambipolar condition in the context
of considered approach is formulated. In the simplest case
of fulfilling of drift approach for electrons and ions within
any wave packets this task is considered. Equality of
electrons and ions transport flows from equality of
averaged direct velocities of different particles with
respect to averaged group velocity of wave packets. In the
case 0 B# 0 the following expression is obtained:

E, _E,
>t —mE V>4 <y, 5 (4)

<Ve>_<vg

where F, is the stationary radial electric field, B=B.(r) is
confining magnetic field directed along z-axis, Z is the
ion charge number, <V,> and <V;> are averaged gradient
drift velocities of electrons and ions, respectively, <v> is
the averaged wave group velocity. Signs “+” or “—” are
determined by the direction of E,.
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Example of calculation of the map (Eq. (3))

4. SUPPRESSION OF ANOMALOUS
TRANSPORT

In Ref. [8] it was shown that the considered model
explains in principle the reason of suppression of
anomalous transport. In mentioned work only influence of
steady state electric field E, was taken into account.

Here the possible reason of increase of E, due to the
growth of temperature is discussed. It is well known that
namely added heating results in rise of E, and suppression
of the transport in tokamaks [9]. Gradient drift velocities
are

kgT,
<V >= ,
e eB XB
kT,
<V, >= s
Vl ZeB XB

where kz is the Boltzmann constant, 7, and T; are electron
and ion temperatures, respectively, ¥ 5 = [1B|/B.
Averaged time of interaction of the particle (electron)

with the wave packet is (see Eq.(1)):

h
<T>=

V,-<v, > £
e Vg +
B

)

where / is the averaged width of wave packet. Averaged
displacement of particles as a result of the interaction is

< >
<|arl>= <15, (6)

where < E > is averaged electric field of the wave
packet.

We assume that <v,> is independent on temperature.
Then from Egs. (5) and (6) follows that increasing 7. and

T, lead to decreasing <7 > and < |Ar|>. The initial

reason is increase of averaged gradient drift velocities
under increase of plasma temperature. Eq. (4) establishes
the dependence of E, on plasma temperature:

E, = <V1~>'<Vg>+2<vg>|3.

Here E. is increasing dependence on plasma temperature.
Therefore increase of the temperature leads to increase

of E,., In turn <7> and < |A I”|> are decrease in

agreement with Eqs. (5) and (6). The similar dependence
is observed in experimental investigations [9].
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Academic

XBHJIBOBI ITOJISI 1 TPAHCIIOPT V ILUIA3MI
B.1. Xgecrok
BuroBHeHO aHai3 pi3HUX THUIIIB XBUIILOBHX IOJIB, SKi BUKJIMKaHI PO3IIOBCIOKCHHSAM XBWIb Y Tura3mi. [loka3aHo, 1o
MIPUYMHOIO 0e33imToBXyBalbHOT Mudy3il MoXe OyTH pO3CIIOBaHHS YAaCTHHOK y CKJIAJHUX IIONISX, SIKI BUHHUKAIOThH

BHaCHiI[OK CKJIaJaHHS 0araTbOX XBHJIBOBUX MOJI.

BOJIHOBBIE I1OJISI 1 TPAHCITIOPT B IIJIASME
B.HU. Xeecrok
BrImonHeH aHanM3 pa3IMYHBIX THUIIOB BOJHOBBEIX MOJEH, BBI3BIBAEMBIX PAaCHpPOCTPAHSIONIMMHUCS B IUIa3ME BOJHAMHU.
[Toka3aHo, 9TO IPUINHON OECCTONKHOBUTEIHHON MU(PPY3UH MOXKET SBIATHCS paccesHUe YacTHI] Ha CIOXKHBIX TOJIIX,
BO3HMKAIOUINX B PE3YyJIbTATe CJI0KEHUSI MHOTUX BOJIHOBBIX MO/I.
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