
J. Plasma Fusion Res. SERIES, Vol.1 (1998) 480-483

Magnetic lslands and Drift surface Resonances
in Helias Gonfigurations

SHISHKIN Alexander A.+, SIDORENKO Irina N.l and woBIG Horst

Max- Planck:'Institut frir Plasmaphysik

D-85748 Garching bei Milnchen, Germany
I Institute of Plasma Physics, National Science Center

"Kharkov Instiute of Physics and Technology", Kharkov-l)s (310108), Ukraine

(Received: 30 September 1997 / Accepted: 22 October 1997)

Abstract
This work is devoted to the study of magnetic islands and resonances of drift surfaces which can

take place in the magnetic field of a Helias configuration and which affect the particle confinement

properties. It is shown that due to external magnetic field perturbation the large size islands, the over-

lapping of resonances and stochasticity are possible in the magnetic configuration with the B(0):0'03.
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1. Introduction
The stochasticrty of particle motion is one of the

most interesting and important aspects of plasma con-

finement in the toroidal fusion devices [1]. Our goal

here is to consider consistently the resonance behaviour

of the magnetic force lines in the vacuum configuration

and in the configuration modified by the plasma pres-

sure (finite beta case). Our main attention is focussed

to the high energy particles, particularly alpha-particles

with the initial energy of 3.5 MeV. The isolated reso-

nances in the magnetic surfaces, the overlapping of the

resonances and the possible stochastic processes in the

particle motion under the effect of magnetic perturba-

tions in Helias magnetic configuration [2] is the subject

of our study.

Perturbations considered in this work do not vio-

late the drift approximation. The attention here is fo-

cussed to perturbations which have the same periodicity

along the torus as the magnetic field (period number

M:5) or multiples of it.

' Conesponding author's e- mail : shishkin@ ipp. kharkov. ua

2. Basic Equations
We use the guiding center equations in canonical

variables [3,4] which allow us to consider the effect of
the electro-magnetic field on the particle motion in the

magnetic'configuration both in vacuum and in finite

plasma pressure cases. We use the toroidal magnetic

flux r/, as radial variable, O and I as angular variables

along the minor and major circumferences of torus, re-

spectively, P6 and Pg as momenta of particle motion,

and pn as the parallel gyroradius. All the quantities with

a dimension of an energy are normalized to mato2Ro'

where rrro is the gyrofrequency on axis; all distances and

lengths are normalized to the major radius of the mag-

netic axis R., the magnetic field B is normalized to its

value on axis. The magnetic field perturbation is de-

scribed in the following form 6B:V x (oB). @ is the

electric potential. The variable p,, is connected with par-

allel canonical momentum p.by p.: pu * c' The equa-

tions of motion are the following
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The rotational transform r is measured in units of

2n. T1ne functions B, I, 82 must by taken from the
plasma equilibrium code.

3. Resonances in Helias Configuration
The particle motion and the resonance effects in

the Helias configuration are already studied in number

of papers [5-7]. We focus our attention to the effect of
perturbing magnetic field 6.8:VX(aB) on the particle

trajectories with the aim to control the particle motion
and their transport.

We considered the possible resonance phenomena

in Helias configuration in the so-called vacuum ap-
proximation, i.e. for the magnetic force lines without
plasma, and for the magnetic force lines in the finite
beta case, i.e. configuration changed by the finite
plasma pressure. The magnetic fields both for the vac-
uum and finite beta cases are taken from [8].

3.1 Analytical form of perturbation
The perturbation has the following form

a 
^n 

: ar(r / a^,)^l(%, - r) / (ap, - q.)lo

sin(n( -mD-@t+ 6),

where quantities a^n and p create maximum with value

a, at r/ar1:a^^/qt:m/(m*p); %t is the plasma

radius. The perturbation enters the system of equations

via its spatial and time derivatives. Here and in the sys-
tem of equations the radial variable r and the flux vari-
able p are connected by the following expression:
r: R"(28)1/2

3.2 Possible resonances
For the Helias configuration (with the M:5 mag-

netic field periods along the torus) three main resonan-
ces with the wave numbers along the major n and
minor rn circumferences (n:1, m:l; n:5, m:5;
n:l0, m:11) were studied. Such kind of resonances
may be regarded as a result of the perturbations in-
duced from outside the plasma or induced from inside
the plasma as MHD activity. In this work only time-
independent magnetic perturbations (r:0) are con-
sidered.

3.3 m = n = I resonance at the edge of plasma
A perturbation urith mode numbers n:1 and

ra:1 creates a large island on a magnetic surface
where the rotational transform is l:0.94 at ro:139 "-(Fig. 1). It occurs in the vacuum case (Fig. 1(a)) and in
the finite beta case with B(0):0.03 (Fig. 1(b)). The
starting point of the external magnetic force line is at
ro:180 cm and for internal one in Fig. 1B is at ro: L80

cm. The perturbation has the wave numberc n:1,
m:1, 6:0 and the amplitude dr:3xl0-4 (see Fig.

1(a)) and dl:1x10-4 (rig. 1(b)). On Fig. 1(a) one can

see the projection of field line on the poloidal plane

and the Poincare plots. The ratio of the magnetic per-

turbation to the magnetic field on the circular axis of
the torus is dB/Bo:4.5X10-5 for the magnetic surface

with ro:L20 cm and 6B/80-7x10-5 for one with
ro:180 cm.
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Fig. 1 The footprints of the magnetic force line in two
meridional cross sections (at the beginning and at
the half of the magnetic field period) for the vac-
uum case (a) and for the finite beta (B(0)=0.03) case
(b).
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3.4 m= n=5 resonance at the edge of plasma

Under the perturbation with n:5, m:5 the fam-

ily of 5 large islands was obtained (Fig. 2). In the finite

beta case (B(0):0.03) this structure arises above a

threshold perturbation larger then 6B/Bo:2y19-5. One

can see the magnetic surface under the perturbation

below (Fig. 2(a)), and above (Fig. 2(b)) this threshold.

The starting point of the magnetic force line is at

/o:180 cm. The perturbation has the "wave" numbers

n:5, m:5, d:0 and the amplitude ct:1.1x10-a(a)
and o,:1.3X104(b).

3.5 lsland structure inside the plasma

On the magnetic surface at ro:130 cm with the

rotational transform 10.909 an isolated resonance

arises due to the single perturbation with n: IO, m: ll
(Fig. 3(a), 3(b)). The starting point of the external

magnetic force line is at ro:180 cm. The perturbation

has the amplitudes d1 : 1x 10-s in Fig. 3(a) and

dr:3X10-5 in Fig. 3(b).

3.6 Overlapping of two resonances

The superposition of two resonances in finite beta

case (B(0):0.03) (Fig. 4, solid lines) with the maxi-

mum amplitudes 68r,/ Bo:4x10's (n:m:5,
dl:1.3X1.0-4) and 68ro,rr/ Bo:lX10-s (m:10,
m:'L.L, ar:1x10-s) leads to distortion of 5 and 11 is-

lands on the surfaces with the radius ro:180 cm and

with ro:130 cm (Fig. 5(a)). Increasing of the ampli-

tude for the l0/tL perturbation to cr:3;19-5 (Fig. 4,

dashed line) leads to an overlapping of the 5 islands

(Fig. 2(b)) and 1.1 islands (fig. 3(b)) and formation of
a stochastic layer (Fig. 5(b)).

3.7 Drift surface resonances
Drift rotational transform differs from magnetic

rotational transform (Fig. 6(a)), therefore drift surface
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Fig. 4 The radial profiles of the magnetic perturbations
(11 n=5, m=5, ar= 1.3,10-a; l2l n=10, m=11,
a1 = 1x10-5' (3) n= 10, m=11, ar=3x10-5
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Fig.3 The footprints of
meridional cross
(B(0)= 0.03) case.

-2@

lB00 1&O 20m 2jm 2200 2300 2aO0 25OO 2OOO 13@ !0m 2000 21OO 22OO 2300 2400 25@ 2600

Fig.2 The footprints of the magnetic force line in the fi-
nite beta (B(0)=0.03) case before (a) and after bifur-
cation (b).
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Fig. 5 The superposition of two perturbations. (a) The
meridional cross-sections of the magnetic surfaces
at the beginning of each 10th period of the mag-
netic field under the superposition of perturbations
(1) and (2). (b) The same as (a) but under the super-
position of perturbations (1)and (3).

+ ('1) n.5, m-5, a,=1.3x10'a;

+ (2) n=10, m-l 1, @1r'l x']0-5

- - - (3) n-10, m=1 1, o1'3x10-5
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Fig.5 Rotational transform (a) and drift surface resonan-
ces (b) of the particles with different values of en-
ergy Wand velocity parameter Vk= ql V.

resonances are considerably dependent on the value of
energy W and velocity parameter Vu: V,/ Z. On Fig.
6(b) one can see the drift surface resonances due to the
single perturbation with n: 10, m: 1 1 and a, : LX 1.0-s;

the trajectories of a-particles with W:3,500 keV and
Zk:-0.5 have no island structure.

4. Summary
In Helias configuration both in vacuum and in the

finite beta cases the magnetic islands were obtained for
the surfaces at the periphery of plasma (ro:180 cm)
and inside the plasma (ro:180 cm) and inside the

plasma (ro:130 cm) under the magnetic field pertur-
bation with the "wave" numbers n:1, m:l; n:5,
m:5; n-IO, m:ll and the amplitudes 68/
80:1x10-5 - 3x10-4. The over lapping of 5/5 and

10/ l.1 resonances and formation of the stochastic layer,
caused by the superposition of two perturbations, were
observed. It was shown that drift surface resonances are
considerably dependent on the value of energy W and
velocity parameter Vu: Vu/ V.
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