Resonant Field Amplification as a Measure for Plasma Stability
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Introduction and Motivation

Resonant field amplification (RFA) [1] is the phenomenon whereby meta stable modes in the
plasma amplify externally applied or error magnetic fields through a resonant response. This
can cause a rapid damping of the toroidal rotation through a transfer of angular momentum
from the plasma to the surrounding coils. RFA is defined as

RFA = (B, — B'*%)/BY4¢

"That a plasma can have a large amplification to a small perturbation is synonymous to a
lightbulb with a small resistance dissipating more energy than one with larger resistance."

An increase in RFA has been observed just before a fast rotating 5kHz tearing or internal kink
mode has been destabalised. Thus RFA is a useful tool when looking at the plasma stability. It
can

e Predict the appearance of limiting modes.

e indicate the no-wall beta limit seen as a significant enhancement of RFA when the plasma
exceeds the no-wall stability limit [2,3].

RFA iIs most commonly induced by external fields with low-n and low-frequency. Thus the
resonant mode must also have these characteristics.

The Resistive Wall Modes (RWMs) fits these parameters and has been identified as the dominant
driving mode behind the increase of RFA at the no-wall beta limit .

This work looks at an alternative to the RWMs, the n=1 Peeling mode.

Specifically, its effect on the RFA at the first Edge Localized Mode (ELM) and in the steady state
ELMy phase.

Measurement Setup
JET

Using the Error Field Correction Coils (EFCC) external low-n perturbations are applied to the

plasma. The plasma response can be measured using the in vessel Saddle coils.
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Each signal needs a single value decomposition and a fourier analysis
performed to extract the signal from the background.

The ratio of amplitudes from the tangential pairs (octants 1 and 5
verses 3 and 7), gives the value of RFA.

Note: Thus far only an oscillating field has been applied to JET; not an
AC field. This means that phase must be taken into account when
looking at the plasma response.

Puffing at first ELM

Recently, a peak in RFA has been observed at the first ELM. measuring loops

The n=1 increase is seen at By below the RFA threshold associated with the ideal no-wall limit.
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Behaviour not dominated by the RWMs as this is highly stabalised at low By.
o Alternatively an n=1 peeling mode suggested as the dominant mode at 1st ELM peak [4].

e Then the peeling mode becomes stable after the first ELM and thus the RFA drops back
down, leaving the peak only at the first ELM.

* By will continue to rise to the no-wall limit and thus the RWMs take over as the dominant
contributor increasing RFA.

A method of adding extra puffing to control the first ELM was often used on JET. A correlation between
the extra puffing at the 1st ELM and the disappearance of the RFA peak at lower By can be seen.
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This suggests that the extra puffing at the first ELM is probing the low n mode stability.
puffing increases

convective losses increases

\

decreases the pedestal
(mostly through the temperature gradient)

.

Increases edge collisionality

.

INCreases resistance

l

decreases edge current density

thus according to peeling relaxation model [5] higher n dominant.

Steady State Behaviour

In the steady state ELMy flat-top region the presence of a low n mode is thought to alter the stability
conditions resulting in the RFA threshold occurring at an earlier By.

] ascaatiasassssiateaassasasatetiasasnnased: 15 e

s

003 E

beta

Figure 5: RFA in a steady state
ELM phase. The red marker
corresponds with the time when
the n=1 mode activity increases
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When n=1 activity appears, the value of beta decreases.
the higher beta value when the n=1 activity decreases.

Interestingly this does not change back to

This result shows clearly that the plasma stability is affected by an n=1 mode and is to be compared
with ELM control experiments being undertaken in 2012 on JET.

These experiments will modify the edge stability using induced n=1 and n=2 modes through Resonant
Magnetic Perturbation (RMP) fields. This will develop the understanding of how the application of
external fields effects the plasma stability and thus how these fields can be used to control the
tokamak plasma.

Summary and Outlook

RFA is a useful tool for measuring the stability of a plasma and indicates the ideal no-wall stability
limit.

An n=1 Peeling mode has been suggested to be the cause of the peak in RFA at the first ELM
observed. Puffing at the first ELM has suppressed this early peak in RFA through probing the n=1
peeling mode stability.

On the EAST tokamak the small perturbation coils are due to be tested and a dedicated experiment
has been proposed for the RFA measurements. These coils are situated near the lower divertor and
consist of 10 small coils at two opposite toroidal positions which will be able to produce a highly
localised n=1 perturbation. The plasma response can be measured through Mirnov coils.
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