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УДК 533.9 

MAGNETIC ISLAND DYNAMICS UNDER EXTERNAL MAGNETIC  
PERTURBATION IN ROTATING RESISTIVE ITER PLASMA 

N.V. Ivanov, A.M. Kakurin, S.V. Konovalov 

NRC «Kurchatov Institute», Moscow, Russia  

The modeling of the magnetic island evolution under resonant magnetic perturbations, RMP, in rotating ITER-like plasma from seed 
island initial generation, through appearance and development of the NTM till its locking and saturation is presented. The effects of 
plasma resistivity, viscosity, diamagnetic drift and the effect of the currents induced in the resistive vacuum vessel wall are taken into 
account. The calculations are carried out with the TEAR code based on the non-linear modified Rutherford model. The dependence of 
the tearing mode stability index on the angular position of the mode with respect to the RMP is taken into account. It results in devia-
tions of the magnetic island rotation velocity from the velocity of the plasma layer in the vicinity of the rational magnetic surface. 
The magnetic island dynamics under RMP is analyzed for the modes originated at the q = 3/2 and q = 2 magnetic surfaces. The NTM 
behavior is discussed for cases of the seed island generation by different RMP sources including the coils for mitigation of the edge 
localized modes, ELMs.  
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ДИНАМИКА МАГНИТНЫХ ОСТРОВОВ 

ВО ВРАЩАЮЩЕЙСЯ РЕЗИСТИВНОЙ ПЛАЗМЕ ИТЭР 
В ПРИСУТСТВИИ ВНЕШНИХ ВОЗМУЩЕНИЙ МАГНИТНОГО ПОЛЯ 

Н.В. Иванов, А.М. Какурин, С.В. Коновалов 

НИЦ «Курчатовский институт», Москва, Россия  

Данная работа посвящена моделированию эволюции магнитных островов под действием резонансного магнитного возмущения 
(РМВ) во вращающейся плазме на стадиях возбуждения исходного магнитного острова, возникновения и развития неокласси-
ческой тиринг-моды (НТМ), а также её захвата и насыщения. При моделировании учитываются эффекты резистивности и вяз-
кости плазмы, диамагнитного дрейфа и влияния токов, индуцированных в резистивной стенке вакуумной камеры. Вычисления 
выполняются с помощью кода TEAR, базирующегося на нелинейной модифицированной модели Резерфорда. В расчётах учи-
тывается зависимость индекса устойчивости тиринг-моды от углового положения моды по отношению к РМВ. Это приводит к 
отклонениям скорости вращения магнитных островов от скорости слоя плазмы в окрестности резонансной магнитной поверх-
ности. В предлагаемой работе проводится анализ динамики магнитных островов на магнитных поверхностях q = 3/2 и q = 2 под 
действием РМВ. Обсуждаются динамика и возможности подавления НТМ в ИТЭР для случаев генерации исходных островов 
различными источниками РМВ, включая обмотки для управления неустойчивостью ELM.  

Ключевые слова: токамак, плазма, магнитный остров, резонансное магнитное возмущение, паразитное магнитное поле, 
неоклассическая тиринг-мода.  

 
INTRODUCTION 

 
The effects of externally applied resonant magnetic perturbation (RMP) or an error field on the magnetic is-

lands attract considerable attention in the experimental and theoretical research of tokamak plasma. One of the 
main problems arising due to the RMP effect on the high-beta plasma is the development of magnetic islands 
acting as the seed islands for onset of the neoclassical tearing mode (NTM). In existing and next-step tokamaks 
including ITER, there are several sources of the magnetic perturbations: misalignments of the toroidal-field, 
central-solenoid and poloidal-field coils, joints and busbars in the magnetic system, blanket modules, irregular-
ity in distribution of ferromagnetic inserts, NBI magnetic field reduction systems, bioshield, control coils for 
Edge Localized Modes etc. For ITER, a summation of the expected magnetic perturbations shows that in some 
regimes their amplitudes can exceed the level of 10–4 of the toroidal magnetic field.  

The modeling of the magnetic island dynamics under RMP in rotating ITER-like plasma is presented in this 
paper. The paper is an extended version of the FEC-2012 report [1]. The calculations are carried out with the 
TEAR code [2, 3] based on the two-fluid MHD approximation and modified non-linear Rutherford model [4]. 
In our model we allow for rotation of the magnetic perturbation relative to the resonant plasma layer. The mag-
netic island width much exceeds the width of the resistive layer in the conditions of the calculations.  
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COMPUTATIONAL MODEL 
 
Similar to [5—7], we use the generalized Ohm’s law  

( )t∂ ∂ = ∇ × × − ηB V B j                                                                  (1) 

and the ion equation of motion  

( ) div .
t

∂
ρ + ⋅∇ = × − +

∂
 
  

V
V V j B Π f                                                        (2) 

In these equations η is the plasma resistivity, ρ is the ion mass density, Π is the viscous stress tensor given 
by Braginskii [8], f is the force not included in the first and second terms in the right-hand side of (2), 

0 ,= ∇ × μj B  μ0 is the magnetic permeability of vacuum. In this paper we consider a large aspect ratio 

tokamak with plasma major radius, R, and minor radius, a, in cylindrical approximation. The standard cylindri-
cal polar coordinates (r, θ, z = ϕR) are used. The plasma is assumed to be periodic in the «toroidal» z-direction 
with periodicity length 2πR. The magnetic field  

B = Bθ0eθ + Bϕ0eϕ + ∇ψ×eϕ                                                              (3) 

includes the equilibrium part denoted by the subscript 0 and the perturbation expressed by the time dependent 
helical flux function 

ψ = ψC(r, t)cos(mθ – nϕ) + ψS(r, t)sin(mθ – nϕ).                                              (4) 

In (4), m and n are the poloidal and toroidal mode numbers respectively. The space phase of the magnetic 
perturbation is defined as Φ(t) = arctan(ψS/ψC) and the instantaneous value of the mode frequency is 

Ω(t) = dΦ/dt. The equation for the tearing mode evolution in time follows from (1):  

2

0t

∂ψ η
+ ∇ψ = ∇ ψ

∂ μ
V .                                                                   (5) 

In the used model we assume that the force f does not depend on plasma rotation velocity and on the develop-
ment of the tearing mode. In equation (2), we consider the axisymmetric velocities of the poloidal and toroidal 
plasma rotation and omit the convective plasma velocity:  

( ) ( ), , .V r t V r tθ θ ϕ ϕ= +V e e                                                               (6) 

In the absence of the tearing mode and RMP, the intrinsic plasma rotation velocity is  

( ) ( )0 0 0 .V r V rθ θ ϕ ϕ= +V e e                                                         (7) 

In the viscous term we take into account the radial transport of the poloidal and toroidal components of 
plasma momentum. The poloidal and toroidal components of the equation (2) give:  

( ) ( )0 0 0
EM 2

1
;

V V V V V V
f r

t r r r r
θ θ θ θ θ θ

θ θ

∂ − ∂ − −∂
ρ = + μ −

∂ ∂ ∂

   
  
   

                                     (8) 

( ) ( )0

EM

0
.

V V V V
f r

t r r r

ϕ ϕϕ
ϕ

ϕ ϕ∂ − ∂ −μ ∂
ρ = +

∂ ∂ ∂

 
 
  

                                                (9) 

In (8), (9), fEMθ and fEMϕ are the poloidal and toroidal components of the electromagnetic force 

0 0× − ×j B j B , where 0 0 0 ;∇ × μ=j B  θμ  and ϕμ  are the poloidal and toroidal components of plasma viscosi-

ty. In this paper, we disregard the radial dependence of the plasma viscosity.  
The TEAR code is based on the solution of the coupled diffusion-type equations for the helical flux func-

tion (5) and for the plasma rotation velocity (8), (9). The equation (5) describes the dynamics of the tearing 
mode. The second term in the left-hand side of this equation depends on the plasma rotation. In sequence, this 
rotation is affected by the electromagnetic forces in (8), (9) depending on the tearing mode magnetic field and 
RMP. Numerically, the diffusion-type equations for the helical flux function and for the plasma rotation velocity 
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are treated in a similar way. We consider the resonant plasma layer in the vicinity of the resonant magnetic sur-

face with radius rS, where safety factor is ( ) S 0
S

0

.
r B m

q r
RB n

ϕ

θ
= =  We assume that the width of the resonant layer 

matches the width of the magnetic island:  

S

2 2
C S

0

4
/

.

r

q
W

B d q d rθ

ψ ψ
=

+
                                                                (10) 

In our model we use the conventional constant-ψ approximation inside the resonant layer. We also assume that the 
plasma momentum transport is high and consequently the plasma velocity is homogeneous inside the resonant layer. 

Equations for helical flux function. The equation (5) can be re-written as separate equations for the cosine 
and sine harmonics introduced by (4): 

2C
S C

0

;
nVmV

t Rr
ϕθ∂ψ η

ψ ∇ ψ
∂

 
+ − =  μ 

                                                     (11) 

2S
C S

0

.
nVmV

t r R

ϕθ∂ψ η
ψ ∇ ψ

∂ μ
 

− − = 
 

                                                     (12) 

Similar to [2], the equations (11) and (12) are integrated across the resonant layer rS – W/2 < r < rS + W/2. 

After the integration in assumption that W << a, the equations (11), (12) give two equations for the time evolu-
tion of helical flux function cosine and sine harmonics at r = rS:  

S

S

2

C C
S

20

;
r W

r W

nVmV

t W r r R

+
ϕθ

−

∂ψ ∂ψη
ψ

∂ μ ∂
 

= − − 
 

                                                (13) 

S

S

2

S S
C

20

.
r W

r W

nVmV

t W r r R

+
ϕθ

−

∂ψ ∂ψη
ψ

∂ μ ∂
 

= + − 
 

                                                (14) 

For these equations we apply the notations:  

( )
S

S

2

C
C

C S 2

1
Δ ;

( )

r W

r W

W
r r

+

−

∂ψ′
ψ ∂

=                                                             (15) 

( )
S

S

2

S
S

S S 2

1
Δ ,

( )

r W

r W

W
r r

+

−

∂ψ′
ψ ∂

=                                                             (16) 

that are the cosine and sine components of the tearing mode stability index. In general case, the stability index 

components CΔ′  and SΔ′  are found separately for both the cosine and sine space harmonics of the flux function 

similar to [2, 3, 5]. Without RMP, C SΔ Δ ,=′ ′  one can obtain from (10), (13) — (16) the conventional Rutherford 

equation for the time variation of the magnetic island width.  
In the model used for the TEAR code numerical calculations, we apply the factor π at the first terms in the 

right-hand side of equations (13), (14) in accordance with [2, 9]. In this model we also supplement the equations 
(13), (14) with the neoclassical term and the term for the electron diamagnetic drift:  

( )
2

RC
C NC C nat SΔ Δ ;

ad

dt W

π ωψ ′ ′ ψ Ω ψ= + −                                                  (17) 

( )
2

RS
S NC S nat CΔ Δ ,

ad

dt W

π ωψ ′ ′ ψ Ω ψ= + +                                                  (18) 

where ωR = η/μ0a
2 is the inverse resistive time; ( )NCΔ W′  is the neoclassical term [10—12];

( )
S

nat S *e r
mV r nV Rθ ϕΩ Ω= − − is the natural frequency depending on the poloidal, Vθ, and toroidal, Vϕ, rotation 
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velocities of the resonant plasma layer as well as on the frequency of the electron diamagnetic drift, Ωe*, [5, 6, 
13—16]. In the absence of the tearing mode and RMP, the natural frequency is equal to its intrinsic value 

( )S
S

nat 0 0 0 *e
r

mV r nV Rθ ϕΩ = − − Ω  that is considered as an external parameter in our calculations.  

According to the standard approach in the tearing mode theory, the electromagnetic force is neglected in all 

plasma volume except the resonant layer. The condition for force balance 0 0 0× − × =j B j B  gives the equations  

2
0C 0

C 0 C2
0

( 0;
1 /

1
)k k

k

d jm
i r r

r r r B nq m

dr
r

r
ϕ

θ

∂ψ μ∂
ψ μ δ − =

∂ ∂ −

  
− + +       

                              (19) 

2
0S 0

S 0 S2
0

( 0,
1 /

1
)k k

k

dj d rm
r i r r

r r r B nq mr
ϕ

θ

∂ψ μ∂
+ ψ μ δ − =

∂ ∂ −

  
− +       

                               (20) 

which are used for the calculation of the radial distribution of the cosine and sine components of the helical flux 

function in areas S0 2r r W≤ ≤ −  and S 2r W r b+ ≤ ≤ , where b is the effective radius of the perfectly conduct-

ing outer wall. The solutions of (19), (20) satisfy the boundary conditions ψC, S(rS – W/2) = ψC, S(rS + W/2) = ψC, S(rS) 

and ψC, S(0) = ψC, S(b) = 0. In this paper we assume that b → ∞ . In (19) and (20), jϕ0(r) is the unperturbed part of 

the plasma current density. In the terms with delta function δ(r – rk) in (19), (20), the ikC and ikS are the cosine 

and sine components of surface densities of the external helical currents at radii :kr r a= ≥   

C S( ) cos ( ) ) sin ( ).(k k ki i t m n i t m n= θ − ϕ + θ − ϕ                                               (21) 

For ITER simulation, we consider three surface currents outside the plasma, including the current, produc-
ing the external RMP and two currents with the surface densities  

C, S
C, S ,

d
i h

dt

ψ
= − σ                                                                     (22) 

generated in two ITER resistive vacuum vessel walls at different effective radii r = rVV1 and r = rVV2 due to the 

magnetic flux variations in time. In the formula (22), h is the effective thickness of the vacuum vessel wall and 

σ is the wall electrical conductivity.  
Each solution of the equations (19), (20) consists 

of the general solution of the corresponding homoge-
neous equation with ik C, S = 0 and particular solution 

of the non-homogeneous equation that depends on 
the cosine and sine components of the external heli-
cal current ik C, S. An example of these solutions is 

shown for illustration in Fig. 1.  
The stability index cosine and sine compo-

nents found from the solution of (19), (20) consist 
of the common symmetric part, 0Δ′ , which is cal-

culated without the RMP (ikC = ikS = 0), and the 

additions arising due to the terms with the asym-
metric external helical currents. The instantaneous 
value of the mode frequency obtained from (17), 
(18) differs from the natural frequency due to the 
asymmetric effect of the RMP on the tearing mode 
stability index:  

Fig. 1. The solutions of equations (19), (20) for the case of i
kC

 ≠ 0, i
kS

 = 0

are shown with solid curves. Dashed curves in the upper panel represent

the general solution of homogeneous equation (19) with i
kC

 = 0 (dashed

curve 1) and particular solution of the non-homogeneous equation (19)

with i
kC

 ≠ 0 (dashed curve 2) 
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( )
2

RS C S
nat S C 2 2

C C S

( ) arctan .
ad

t
d t W

π ωψ ψ ψ′ ′Ω = = Ω + Δ Δ
ψ ψ + ψ

 
− 

 
                                  (23) 

Equations for resonant layer rotation. The rotation velocities of the resonant plasma layer are obtained 
from equations (8), (9). We integrate the equations (8), (9) over the resonant layer under the assumption that the 
plasma velocity is homogeneous inside this layer:  

( )0

EM V
S

;
V VI

T T
r t

θ θθ
θ θ

∂
= +

∂
−

                                                           (24) 

( )0

EM V

V VI
T T

R t
ϕ ϕϕ

ϕ ϕ

∂
= +

∂
−

,                                                           (25)  

where Iθ and Iϕ are the poloidal and toroidal moments of inertia of the plasma resonant layer, TEM θ and TEM ϕ are 

the electromagnetic torques, TV θ and TV ϕ are the viscous friction torques. The electromagnetic torque is calcu-

lated as the reaction to the total torque applied to the conductors with the external helical currents from the 
magnetic field perturbation caused by the tearing mode. The viscous torques are:  

( )2 2
V S V 04 ;T r R V Vθ θ θ θ θ′= π μ Δ −                                                            (26) 

( )2 2
V S V 04 .T r R V Vϕ ϕ ϕ ϕ ϕ′= π μ Δ −                                                           (27) 

Here we introduce the factors:  

( ) S

S

2

0
V

0 2

1
Δ ;

r W

r W

V V

V V r

+
θ θ

θ
θ θ −

∂ −
′ =

− ∂
                                                       (28) 

( ) S

S

2

0

V
0

2

1
Δ

r W

r W

V V

V V r

+

ϕ ϕ
ϕ

ϕ ϕ −

∂ −
′

−
=

∂
,                                                        (29) 

by analogy with the components of the tearing mode stability index. We call the factors (28) and (29) the 
poloidal and toroidal components of the viscous friction index, respectively. These components are obtained 

from the solutions of the equations (8), (9) in intervals S0 2r r W≤ ≤ −  and S 2r W r a+ ≤ ≤  outside the reso-

nant plasma layer. The boundary conditions for the equation (8) are:  

( )0
0

0;
r

V Vθ θ =
− =  

S S S

0 0 0

2 2r W r W r

V V V V

r r r

V Vθ θ θ θ θ θ

− +

− −
= =

−
 

аnd 

( )0 0.
r a

V Vθ θ =
− =  

The boundary conditions for the equation (9) are: 

( )0

0

0;

r

V V

r

ϕ ϕ

=

∂ −
=

∂
 

( ) ( ) ( )
S S S

0 0 0
2 2r W r W r

V V V V V Vϕ ϕ ϕ ϕ ϕ ϕ− +
− = − = −  

аnd 

( )0 0.
r a

V Vϕ ϕ =
− =  
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The boundary conditions at the borders of the resonant layer, S 2 ,r r W= ±  depend on time and are ob-

tained from the solutions of equations (24), (25).  
 

CONDITIONS AND RESULTS OF CALCULATIONS 
 
The calculations were performed for the plasma parameters of ITER inductive scenario with plasma current 

15 MA (Scenario # 2) [17]. The geometry of the two resistive vacuum vessel walls was specified as in [18]. The 
values of plasma viscosity components were chosen under the assumptions that the Prandtl number [19] can be 
of the order of or a few times exceeding unity and that the poloidal viscosity is much higher than the toroidal 
viscosity. Under these assumptions, the values of the toroidal and poloidal momentum radial diffusivity 
μϕ/ρ = 3 m2⋅s–1 and μθ/ρ = 300 m2⋅s–1 were used in the calculations. 

According to [20], we supposed that the expected amplitudes of the poloidal RMP component at plasma 
edge for the m = 3, n = 2 and m = 2, n = 1 modes do not exceed 10–3 T. The vacuum magnetic perturbations due 
to ELM control coils were calculated directly from Biot-Savart law as in [21] with account of ITER ELM coil 
geometry [22] and setting the currents in each of 27 ELM coils as  

( ), , (kA) 90 sin 4 2 9 30 , , ,
tt m b m bI k= π − ° + α 

                                               (30) 

where indices t, m, b state for the top, middle and bottom rows of coils, k is the coil number in the raw and 
phase shifts were taken αt, m b = {54º, 0, –63º} respectively. Precalculated 2D-distributions of the perturbed 
poloidal fields on the resonant surfaces q = {3/2, 2} were expanded into double Fourier series and the cylindri-
cal equivalents for dominant harmonics were determined. Then, the maximum expected amplitudes of the exter-
nal helical currents, entering equations (19), (20), were calculated with use of the TEAR code. The maximum 
expected RMP amplitudes caused by the ELM control coils at plasma edge were found to be of 2⋅10–3 T for the 
m = 6, n = 4 and m = 8, n = 4 modes. The amplitudes of the most dangerous components of the ELM coil per-
turbation with m = 3, n = 2 and m = 2, n = 1 were found to be less than 3⋅10–5 T.  

Following [23], the neoclassical contribution into equations (17), (18) takes the form 

NC S P BS MW2 2
C, BS C, MW

1
Δ Δ Δ ,

W
r

W W W W
′ ′ ′= β

 
+  + + 

                                             (31) 

where the first term in the brackets corresponds to the bootstrap drive of the neoclassical tearing mode and the 
second one to the stabilizing magnetic curvature effect, WC, BS and WC, MW are the critical island widths [23] 

characterizing the NTM evolution in the small island limit. Numerical calculations of the neoclassical terms 
based on the algorithms outlined in [24] for the bootstrap drive and in [25] for the magnetic curvature effect 

were performed for the ITER Scenario #2 reference data [17] resulting in S P BS 0.2r ′β Δ = , MW BS0.1′ ′Δ ≈ − Δ×  at 

the q = 3/2 surface and MW BS0.2′ ′Δ ≈ − × Δ  at the q = 2/1 surface. In the cylindrical approximation, the curvature 

effect is weaker compared to the bootstrap drive, 3 2
MW BS ~′ ′Δ Δ ε . Due to the different dependence on W, the 

curvature effect can overcome the drive and completely stabilize the mode at small island width, W ~ WC. In the 
ITER case, theoretical estimation according to [23] predicts that WC,  BS should be of the order of a few centime-

ters. This estimation well coincides with empirical findings characterizing WC,  BS in terms of a few ion Larmor 

radii. In our present analysis we consider 1 cm < WC,  BS< 6 cm, setting C, MW C, BS0.4 .W W= ×  

The radial distribution of the unperturbed plasma current density used in the calculations is shown in Fig. 2. In 

Fig. 3, one can see the dependences of the symmetric part of the stability index, 0′Δ , on the magnetic island width for 

the modes under consideration at the q = 3/2 and q = 2 magnetic surfaces. According to the calculations, only m = 2, 

n = 1 mode is originally unstable ( 0 0′Δ > ) for the chosen current profile. It is well known that the tearing mode stabil-

ity strongly depends on the current profile. We illustrate it in Fig. 2 and Fig. 3 for the mode m = 2, n = 1. The small 

variation of the current profile shown with the dashed curve in Fig. 2 makes the mode stable ( 0 0′Δ < ) for arbitrary 
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island width (see dashed line in Fig. 3). It turns out 
that in presence of RMP the widths of magnetic is-
lands do not strongly depend on the symmetric part of 

the stability index if this part is negative, 0 0.′Δ <  This 

is illustrated by Fig. 4 where the dependences of the 
magnetic island width on the artificial shift of the 

curves, ( ) ( )0 0 ,W W C′ ′Δ → Δ +  along the ordinate 

axis by C scan are shown. The calculations presented 
in Fig. 4 were done for Ωnat0/2π = 50 Hz and for the 

amplitude of the RMP poloidal component at plasma 

edge, 4
RMP 2 10 TB −⋅= , the neoclassical effects were 

neglected. 
The dependences of the width of the magnetic is-

lands generated by RMP for different tearing mode har-
monics on the amplitude of RMP (at Ωnat0/2π = 50 Hz) 

and on the intrinsic frequency, Ωnat 0 , (at maximum expected RMP amplitude for each mode) are shown in Fig. 5 

and Fig. 6. To distinguish the RMP effect from the neoclassical effects, the neoclassical terms were omitted in 
calculations for these two figures. In calculations presented in Fig. 5 and Fig. 6, the magnetic islands produced 
by non-rotating RMP were locked (Ω = 0) despite the natural frequency Ωnat ≠ 0. Since a small correction of the 
current profile can make the tearing mode originally stable and the magnetic islands generated by RMP do not 

Fig. 2. Radial profile of the unperturbed plasma current density 
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Fig. 6. Dependences of the magnetic island width on the intrinsic
natural frequency  
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Fig. 7. The development of m = 3, n = 2 (left panel) and m = 2, n = 1 (right panel) modes with the NTM effect (solid curves). The
development of m = 3, n = 2 mode without NTM is shown with the dashed curves  
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significantly depend on the negative 0Δ′ , in the calculations presented in Fig. 5 and Fig. 6 a simple assumption 

that 0 0′Δ <  was used for all mode numbers under consideration. The calculations for Fig. 5 and Fig. 6 were 

performed using current profiles shown in Fig. 2 with the dashed curve for the m = 2, n = 1 and with the solid 
curves for other modes. One can see that the magnetic island width values increase with the rise of the RMP 
amplitude and decrease with the rise of the intrinsic frequency. This character of the island width dependence on 
RMP and Ωnat0 can be explained from the consideration of formula (23) in the conditions when Ω = 0,  Ωnat ≈ Ωnat0 
and the tearing mode stability index components are nearly proportional to the RMP.  

The process of subsequent development of the NTM from RMP produced seed islands was examined in the 

series of calculations for a wide range of the mode numbers, rotation frequencies, Ωnat 0 , and characteristic mag-

netic island widths, WC,  BS. A stabilizing effect of rotation takes place due to reduction of the seed island width 

under increase of rotation frequency. For most dangerous modes with m = 2, n = 1 and m = 3, n = 2 the instabil-
ity depends on the choice of WC,  BS. Modes with higher m and n were found to be stable. In particular, there is no 

NTM generation for the m = 6, n = 4 and the m = 8, n = 4 modes in whole ranges of considered RMP ampli-

tudes, even exceeding those expected from the ELM control coils, and rotation frequencies, including Ωnat 0=  0. 

The example of simulation of the m = 3, n = 2 and m = 2, n = 1 mode dynamics with artificially prescribed 
evolution of the RMP amplitude is presented in Fig. 7. In this simulation WC, BS = 1 cm was set to maximize the 

neoclassical drive of the modes. In the process of the helical field penetration, the external RMP generates non-
rotating small magnetic islands. It is followed by a significant rise of the magnetic island width due to the de-
velopment of NTM. Initially this rise of W is accompanied by a beginning of the island non-regular rotation. 
The further growth of the island results in the mode locking due to the effect of RMP and eddy currents in the 
vacuum vessel walls on the resonant plasma layer rotation. To identify the specific effects of RMP and NTM in 
the process of the mode development, the calculations with artificial instant shutdown of the corresponding 
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terms in the model were performed. The results of these calculations are presented in Fig. 8. In this figure, one 
can see that after termination of RMP, the magnetic island continue its development but no locking takes place. 
In the case of instant shutdown of the NTM terms in equations (17), (18) the magnetic island width reduces to 
the original seed island level.  

 
SUMMARY 

 

Dynamics of the magnetic islands caused by the RMP in rotating ITER-like plasma was numerically investi-
gated. The widths of the islands were shown to depend on the RMP amplitudes as well as on the intrinsic plasma 
rotation frequency. The rotation has a strong stabilizing effect. For the m = 3, n = 2 and m = 2, n = 1 modes, 
the RMP generated islands can play the role of seed islands for the NTM development. The RMP caused by the 
ELM control coils were found not to generate the NTM at the q = 3/2 and q = 2 magnetic surfaces. In future, we 
plan to carry out the TEAR code benchmarking against other MHD codes and its experimental validation as 
well as further development of the code to take into account the toroidal effects on the tearing modes dynamics.  
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