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" 1. Abstract

« Sawtooth-like crashes were observed during Electron Cyclotron
Current Drive (ECCD) experiments for strikeline controls at the
optimised superconducting stellarator Wendelstein 7-X (W7-X).

* A limited number of events have been related to a strong deterioration
of the plasma performances and even to the premature termination of
the experiment.

* The x-ray tomography shows a strong radiation increase starting from
the edge and moving towards the inner plasma regions and an
impurity influx could be identified afterwards. This results in a plasma
cooling down and shrinking and eventually the coupling between the
ECRH heating and plasma can be lost.
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" 2. Introduction

 Wendelstein 7-X (W7-X) is a superconducting optimised low shear
stellarator, which relies on the island divertor concept. The island
divertor concept is sensitive to toroidal currents (such as bootstrap
current or external current drive) which shift the position of the
strikelines and therefore a proper toroidal current control is
necessary. The toroidal current |, evolves on the timescale of T
=L/R, where L is the plasma Iinductance and R the plasma
resistance, as follows:

Itor = Itor(t > )(1 — exp(—t/7))

« Electron cyclotron current drive (ECCD) experiments have been
conducted to evaluate the viability of current drive as an actuator for
strikeline control [1].

 During ECCD experiments, periodic sawtooth crashes have been
detected and a first experimental overview was presented in [2]. In
this work we present the experiments in which strong sawtooth
crashes led to a deterioration [3,4] of the confinement properties and
eventually to the premature termination of the plasma discharge.

3. Diagnostic tools
Electron Cyclotron Emission (ECE)

 ECE Measures T, along a 1-D LOS and is used to estimate

the size of the sawtooth crash [5]. AT — Torter — Thefore
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X-ray Tomography

« X-ray tomography [6] allows to reconstruct the plasma emissivity Egy
(proportional to T, 2 n_2 Z ) in the poloidal plane and in this work was
used to identify regions in which a strong increase of the soft x-ray
emission was detected after a sawtooth.

HEXOS

« Four VUX/XUV spectrometers (HEXOS), detecting from 2.5 to 160 nm
were used to study the emission of impurities, such as carbon, oxygen
and nitrogen [7].
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/4. Experimental overview

wtooth crashes led in few experiments to a strong deterioration of the plasma
performaces and even to the premature termination of the plasma discharge.
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Impurity emission (red) compaifed to a reference experiment (black) with T, decrease, but no density
Increase. The emission line intensity for the reference experiment is not as strong as the one with density
iIncrease Strong increase of C,N,O emission lines—>it suggests impurity influx after the sawtooth crash
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5. Conclusions

« Strong sawteeth can ionise impurities/neutrals at the edge

e Strong x-ray emission starting from the edge. N and O detected

« Plasma energy decreases fast. The plasma cools down

 Eventually the experiment can be terminated by bad ECRH-plasma
coupling

« ECE data suggest r,,,> 0.5 a may trigger density increase-> possibility
to control
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The size of the crashes (figure in section 2) at
—20 - different 1, and for different experiments was

analysed. The majority of the crashes is not related to
—30 - a density increase.
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