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Introduction The first experimental campaign of the stellarator Wendelstein 7-X (W7-X) [1]
has been started with a limiter configuration comprising of five inboard carbon-limiters
instead of the island divertor configurations to be used for later operation. The plasmas, both
with He and H2 as working gases, are obtained by electron cyclotron resonance heating
(ECRH) with gradually increased total energy input into the machine in order to avoid
possible thermal overload on the limiters. The maximum ECR-heating power is around 4 MW
and the longest discharge duration reaches 6 s. Maximum core electron temperature Te of
~10 keV, ion temperature Ti ~2.0 keV and central electron densities ~5.01019 m-3 have been
achieved.

The discharges are usually terminated in two ways: (1) thermal decay after

termination of ECRH and (2) radiative collapse (RC) due to enhanced impurity radiation
during the ECRH.

It has been observed by High Efficiency XUV/VUV Overview

Spectrometer (HEXOS) [2] and Pulse Height Analysis (PHA) [3] diagnostics, that the main
intrinsic impurity species in the plasma are low- and medium-Z ones, like carbon, nitrogen
and oxygen, up to elements like chlorine, sulfur, fluorine, copper and occasionally iron. Due
to the spectral emission being dominated by C- and O- line radiation both species are assumed
to contribute predominantly to the total plasma radiation as a first guess. The radiative power
loss of the plasma is monitored by the bolometer diagnostic system [4], which comprises two
cameras observing the total plasma cross-section from the horizontal and vertical direction,
respectively. Based on the bolometer measurements, the total radiated power and the local
radiation distribution have been estimated.
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the

estimation of the total radiative power loss
Prad,

the

signals

of

the

horizontal

bolometer camera (HBC) are used. The
lines of sight (LoS) of these channels
cover the triangular-shaped cross section
of the plasma with a spatial resolution of
4-5 cm [4]. The time resolution of the
system is around 5 ms. The signals are
usually below 0.1 mW (for typical PECRH
= 2 MW), and often exceeding 1.0 mW
during RC.

Using the pre-calculated

geometric matrix of the LoS, taking into
account the lengths of the individual LoS
and their poloidal and toroidal extensions

Fig. 1. Time traces of the RC-terminated discharge
#20160309.007, a) absorbed ECR-heating power,
radiative power loss factor and H2-gaspuff timing, b)
plasma stored energy and total radiated power loss, c)
line-integrated density, (d) central electron temperature
and (d) spectroscopy signals from OIII and CIV.

the radiated power in the viewed plasma slice is deduced. The total radiated power, Prad, from
the whole plasma volume is then obtained by linear extrapolation to the entire relevant torus
volume. Toroidal variations were not considered here. This will be subject to additional
bolometers planned at other toroidal positions as a next step. For the discharges already
analysed, the radiative power loss fraction frad = Prad/PECRH, is around 25-40% during
stationary plasma phases. Prad increases both with ne and ECR-heating power, depending
strongly on the electron temperature and impurity concentrations. The first plasmas during an
experimental day, performed after the glow-discharge operation, showed always lower frad
due to lower impurity contents, being consistent with the reduced VUV/EUV emission of
oxygen and carbon measured by HEXOS system.
In the following part, we present the results of a RC-terminated H2-plasma. In this
discharge, Ar is prefilled as tracer gas for diagnostic purposes before the plasma pulse starts.
The time traces of the discharge for selected parameters are shown in Fig. 1. When reaching
the flat top phase (t ~ 0.2 s) following parameters have been reached: Ti measured by the Xray imaging crystal spectrometer (XICS) [5] ~1.5 keV, the line-integrated electron density ne
measured by the interferometer ~1.51019 m-2 [6], the central Te measured by ECE-diagnostic
~8 keV [7], the stored energy Wp obtained by diamagnetic loops ~220 kJ [8], and the
radiative power loss Prad ~500 kW with a loss factor frad ~ 25%.
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Aiming at enhancing the plasma density, two additional H2-gas puffs are applied at
0.57 s and 0.8 s and the heating power is increased to 4 MW shortly after the first one (see
Fig.1). With the rise of ne the O- and C-VUV line radiation as well as Prad increases
accordingly. The Te drops first due to the increased cooling by impurity radiation and tends to
recover slowly after the increase of PECRH. From the time point when PECRH is increased until
the beginning of the RC, indicated
by a rapid drop of Wp, the plasma
exists in a transient phase, in
which Prad shows

multiple

excursions and frad is larger than
50% even reaching 100%. The Cand O-lines monitored by HEXOS
show a similar behaviour as the
bolometer signals, with slightly

Fig. 2. Spatio-temporal evolutions of the chord-brightnesses
measured by the horizontal (left) and the vertical (right)
bolometer demonstrating the poloidally asymmetric emissivity
pattern.

shifted peaking times. Detailed analysis for understanding this shift has been started.
The oscillation-like signals of the impurity
radiation motivate us to further investigate the
FF
local radiation distribution features. The tempo-spatial cord brightnesses of the two
bolometers for the later time points (0.5-0.9 s) are displayed in Fig. 2, where rimp stands for
the impact radius of the LoS relative to the plasma center. The left picture shows ‘hot-spots’
which appear alternately in the upper- and lower plasma edge region; the right one
demonstrates that these spots emit stronger at inboard side than at the outboard side. This
poloidal asymmetric emissivity is clearly located in the outer region of the plasma ( > 0.7),
where low-Z impurities such as C and O unambiguously contribute to the total radiation. The
absolute contributions from other impurities will be analyzed after calibration of the HEXOS
system.

A tomographic reconstruction of the emissivity distribution based on Gaussian

Process Tomography [11] has been carried out using the bolometer signals. The obtained 2Demisivity profile for t = 0.75s is shown in Fig. 3, which demonstrates the poloiadally
asymmetric emission distribution again.
The unstable impurity radiation intensity reflects an edge localized instability of the
plasma parameters, which is also confirmed by Te and ne profile changes for t = 0.6s and 0.7s
related to 0.5s, which are measured by Thomson scattering [9] (not shown here). This
behavior might resemble MARFE-like properties observed in other machines [10]. The
subsequent RC-phase begins shortly before 0.8 s, starting with further shrinking plasma
dimensions and reduced radiation volume. The RC-phase is finally accellerated by the last
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gas-puff: The plasma energy drops rapidly because
Prad significantly exceeds the net absorbed PECRH
leading to plasma cooling.
The possible mechanism for this edge
localized oscillatoric instability is subject of ongoing
investigations. Cross checks with other diagnostics,
such as video [12] and IR-cameras monitoring the
limiter tiles have been started [13]. The poloidally

Fig. 3. A tomographic reconstruction of
the 2D-emissivity distribution (t = 0.75s)
showing the poloiadally asymmetric
emission. The last closed flux surface
(LCFS) is marked by the inner white line.

asymmetric emission patterns have also been
detected by the video cameras showing toroidal non-axis-symmetric extension. The IRcamera demonstrates that in the transient phase plasma attachment to the limiter is unstable or
partially, based on the reduction of the heat-load onto the limiter tiles compared to the flat top
phase. Total detachment of the plasma to the limiter occurs in the later phase indicated by the
drop of the limiter temperature. Further analysis to explain the observed thermal instability
will be continued.
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