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Motivation
•Application of 1D models to describe plasma response

to magnetic field perturbations in DIII-D, JET, ITER.

• transport modelling using 3D Monte Carlo transport
code E3D

Method
Application of 3D-divergence-free magnetic field for com-
putations in cylindrical coordinates and flux coordinates

Divergence free field representation
To achieve ∇ ·B = 0 up to a satisfying interpolation accu-
racy, a divergence-free field representation is used.

Cylindrical coordinates Perturbation magnetic field is given
on an equidistant 3D grid in the cylindrical coordinates
(R,ϕ, Z). For divergence-free representation we separate
into axissymmetric and non-axissymmetric part

Bi (R,ϕ, Z) = B̃i (R,ϕ, Z) + B̄i (R,Z) (1)

B̄i is computed as average over the azimuthal angle ϕ.
Because of the symmetry components of the averaged part
contain only Āϕ and ĀZ
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and the non-symmetric part is calculated using the gauge
Ãϕ = 0 and Fourier analysis over the toroidal angle ϕ
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Figure 1: Poincare plot for a C-coil perturbation field
at DIII-D for original field (left) and for the

”divergence-free” field (right). A diffusive core on the
left figure and ergodic field region on the right figure

are clearly visible.

Fig.1 shows results for the DIII-D C-coil perturbation
field:

• diffusive behaviour for field lines in the core region for
the original field

• no diffusive core for divergence-free field

• present open ergodic region for the divergence-free
field, absent for the original field

Flux coordinates Flux coordinates are useful to apply the
model to Tokamak symmetry.
The intention is to represent the perturbation magnetic field
in form of Fourier expansion in flux coordinates (ψ, ϑ, ϕ),
ψ as poloidal flux normalised by 2π, ϑ as poloidal angle-
like variable such that the field lines look as straight lines.
Using the safety factor q to define a rotational transform
angle ι = 1

q , makes the straight field lines in coordinates
(ϑ, ϕ) look

dϑ = ι (ψ) dϕ (8)

We compute the field line equations as ratios of the mag-
netic field components

dψ
dϕ

=
Bψ

Bϕ
≈ − 1

√
gBϕ

0

∂Aϑ
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(9)
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=
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Bϕ
≈ Bϑ

0

Bϕ
0

= ι (ψ) (10)

We see, that Ãϑ determines formation of magnetic islands
and is also responsible for generation of parallel plasma re-
sponse currents which screen the perturbations on resonant
flux surfaces.
Poloidal and toroidal harmonics are included using Fourier
expansion

Ãψ =
∑
m,n

Aψ
m,ne

imϑ+inϕ , Ãϑ =
∑
m,n

Aϑ;m,ne
imϑ+inϕ (11)
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Figure 2: Poincare plot for ”divergence-free” field in
cylindrical coordinates (left) and via Fourier expansion
in magnetic coordinates (right) for C-coil perturbation

field at DIII-D .
Cylindrical coordinates and Fourier expansion in magnetic
coordinates show a satisfying accordance in

• island position

• ergodic region

Integration along field lines
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Figure 3: Same Poincare plot as the right in Fig.2
shown for Fourier expansion in flux coordinates with

unperturbated separatrix (left) and in magnetic
coordinates (s, ϑ) with q-profile and island sizes (right)
• a clear q-profile and island positions can be shown in

magnetic coordinates

• only resonances for n = 1 are responsible for the for-
mation of the ergodic layer

• islands for n = 3 and higher harmonics are signifi-
cantly smaller

Integration along the unperturbated field lines gives Fourier
amplitudes for Aψ

m,n and Aϑ;m,n as well as coordinate de-
pendencies ψ (R,Z), ϑ (R,Z) by formulas (9), (10) and

Fm (ψ) =
ι

2π

2π
ι∫

0

dϕ F (R (Rb, Zb;ϕ) , Z (Rb, Zb;ϕ)) e−imιϕ

(12)
for a field line starting point (Rb, Zb, 0).

Presence of linear plasma response
For estimation of the screening effect in plasma the Fourier
amplitudes of the vector potential are modified by form fac-
tors

Aψ
m,n→ Aψ

m,nf
(ψ)
m,n Aϑ;m,n→ Aψ

ϑ;m,nf
(ϑ)
m,n (13)

which are determined as ratios of magnetic field in presence
of plasma and in vacuum, mostly estimated in cylindrical
coordinates (r, θ, z)

f (ψ)
m,n ≈

B
(plasma)
θ;m,n

B
(vacuum)
θ;m,n

f (ϑ)
m,n ≈

B(plasma)
r;m,n

B
(vacuum)
r;m,n

(14)
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Figure 4: Poincare plots for C-coil perturbation field
at DIII-D like in Fig.3 in presence of plasma response

currents.
• strong reduction of island size by factor 30

• reduction in size of the ergodic layer

• negligibly small effect of perturbation on the core
plasma

Conclusion and outlook
Screening effects significantly reduce ergodisation of the
magnetic field configuration:

• strong effect of plasma response current

• reduction of the size of the ergodic layer

• plots showing an almost unperturbated core

The purpose of all activities is to reimplement models and
study of ELM mitigation by RMPs in DIII-D, JET, ITER.

Acknowledgements
This work, supported by the European Communities under
the contract of Association between EURATOM and the
Austrian Academy of Sciences, was carried out within the
framework of the European Fusion Development Agree-
ment. The views and opinions expressed herein do not nec-
essarily reflect those of the European Commission. Addi-
tional funding is provided by the Austrian Science Founda-
tion, FWF, under contract number P19889-N16.

References
M. F. Heyn, I. B. Ivanov, S. V. Kasilov, et al,
Nucl. Fusion 48, 024005 (2008)


