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Introduction Results — Plasma Response

*Edge Localised Modes (ELMs) - an explosive instability in * Plasma response to n=2 RMPs calculated on ASDEX-Upgrade.
tokamak plasmas - may damage components of future * Applied perturbation amplifies marginally stable 'core kink' and
tokamaks|1]. 'low n peeling' modes.

* ELMSs can be mitigated or suppressed by applying small 3D
magnetic perturbations called RMPs[2].
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a) Spectrograms showing a typical RMP structure in the vacuum
approximation, and the total perturbation including plasma response.
Plasma data courtesy of ASDEX-Upgrade team, IPP Garching. Plotted is the
normal component of the vacuum (left) and total (right) magnetic
perturbation, against poloidal mode number 'm' and radial coordinate 's'.

a) An ELM on MAST. Image courtesy of the MAST team, CCFE. b) Pitch aligned components of the perturbation are aligned with the
b) Diagram of MAST RMP coils, with upper (green) and lower (blue) coil equilibrium magnetic field. 3 outermost pitch aligned components are
set. plotted with varying coil phase difference A®. Dashed lines are the

vacuum field, solid lines include the plasma response.

*One theory (of several) is that RMPs create a 'stochastic' field
with lower confinement, which may surpress ELMs by reducing
the pressure gradient.

* AD is the toroidal phase difference between the currents in the
upper and lower coil set, a control parameter in RMP experiments.
* Plasma response shifts optimal value of AD 60 degrees from its
a) b) e e vacuum value.
/ *In order to compute the optimal value of AD for experiments,
vacuum calculations are insufficient.

Results — Poloidal Harmonic Coupling

a) Sketch of the normal nested flux surface structure of a tokamak - Plasma response calculated in response to a unit amplitude single

plasma. : :
b) Sketch of the 'stochastic field' induced by the applied magnetic mode number perturbation applied at the plasma edge as a
perturbation. boundary condition.

Pitch aligned field components due to single m

O B b, conation 13 b) 0.20 applied boundary conditions

applied boundary condition

* Vacuum perturbation calculated using Biot-Savart law. -
* Additional magnetic field produced by plasma response. a) |
* Total magnetic perturbation is the sum of the vacuum N

perturbation and the plasma response.
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*Code MARS-F solves linearised resistive MHD equations for L | B e e——— |
plasma response|3]. m ®
| R a) Spectrogram showing the total magnetic perturbation in response to an
1(Qrmp + ) =v+ (£-VQ)RP m = 13 perturbation applied at the plasma edge. At s = 1.0 the
. B : perturbation is purely m = 13, but inside the plasma poloidal harmonic
ip(Qrymp +nQ)v=—-Vp+3xB+Jxb coupling distorts the perturbation spectrum.
- f b) Pitch aligned components resulting from the application of unit
— P[QQZ XU+ ('U ' VQ)RCbI amplitude m =11, 12 and 13 perturbations at the plasma edge. These
. | mode numbers have no rational surface in this plasma equilibrium, so
v .
PRI ‘k‘ ‘Uth’%‘[ T (5 V)YU] | poloidal harmonic coupling is a required mechanism for the pitch aligned
"f‘:(QRMP 1 nQ)b —V X (v % B) + (b : VQ)Rqﬁ. —V X (77]) components to be non-zero.
{(Qrvp+nQ)p=—v-VP-TPV -0 * Poloidal harmonic coupling distorts applied perturbations, by
broadening the spectrum and shifting it to lower poloidal mode

* Unknown perturbed quantities (§, v, b, j, p), are plasma
displacement, velocity, magnetic field, current and pressure.
« Known quantities J, B, P, V, and p are the equilibrium current,

number.

* Pitch aligned components can be driven by poloidal harmonic
coupling, suggesting that an amplified 'low n peeling' mode may
drive pitch aligned components. An increase in the pitch aligned
components can boost induced stochasticity.

magnetic field, pressure, plasma flow and density.
* R major radius, ¢ toroidal angle, Z vertical unit vector. Q plasma
rotation frequency, QO , ~ applied RMP frequency, n toroidal mode

RMP

number, 1] plasma resistivity. K, parallel sound wave damping References
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coefficient, k| parallel sound wave number, and v, . ion thermal




