N

((f M EUROfusion

/
\

EUROFUSION WPS1-CP(16) 15269

| Ksiazek et al.

Concept of C/O Monitor diagnostic for
stellaratorW7-X

Preprint of Paper to be submitted for publication in
Proceedings of 29th Symposium on Fusion Technology (SOFT
2016)

This work has been carried out within the framework of the EUROfusion Con-
sortium and has received funding from the Euratom research and training pro-

gramme 2014-2018 under grant agreement No 633053. The views and opinions

expressed herein do not necessarily reflect those of the European Commission.



This document is intended for publication in the open literature. It is made available on the clear under-
standing that it may not be further circulated and extracts or references may not be published prior to
publication of the original when applicable, or without the consent of the Publications Officer, EUROfu-
sion Programme Management Unit, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK or e-mail
Publications.Officer@euro-fusion.org

Enquiries about Copyright and reproduction should be addressed to the Publications Officer, EUROfu-
sion Programme Management Unit, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK or e-mail
Publications.Officer@euro-fusion.org

The contents of this preprint and all other EUROfusion Preprints, Reports and Conference Papers are
available to view online free at http://www.euro-fusionscipub.org. This site has full search facilities and
e-mail alert options. In the JET specific papers the diagrams contained within the PDFs on this site are
hyperlinked




Concept of C/O monitor diagnostic for the stellarator W7-X

Ireneusz Ksiazek?, Tomasz Fornal®, Jacek Kaczmarczyk®, Waldemar Figacz®, J6zef Musielok?, Monika
Kubkowska®, Rainer Burhenn®, Sebastien Renard! and W7-X team®

“Institute of Physics, Opole University, ul. Oleska 48, 45-052 Opole, Poland
*Institute of Plasma Physics and Laser Microfusion, Hery 23 St. 01-497 Warsaw, Poland
‘Max-Planck-Institut fiirPlasmaphysik, Wendelsteinstrasse 1, 17491 Greifswald, Germany
ACEA, IRFM, 13108 Saint-Paul-Lez-Durance, France

The C/O monitor for W7-X is a spectrometer of special construction with high throughput and high time
resolution, suitable for controlling the concentration of main plasma impurities. The spectrometer will be fixed in a
nearly horizontal position and at wavelengths corresponding to Lyman-a. lines of H-like ions of oxygen (at 1.9 nm),
nitrogen (at 2.5 nm), carbon (at 3.4 nm) and boron (at 4.9 nm). Its purpose is fast monitoring of the spectral line
intensities which are reflecting the content of impurities associated with the general wall condition (oxygen),
plasma-wall interaction (carbon, boron, the latter being evaporated onto the plasma vessel wall in order to reduce
the release of impurity ions from the vessel wall and plasma facing surfaces) or vacuum leakage (nitrogen from air).

As the main purpose of the system is fast detection of the impurities (and measuring its level with high time
resolution) it will be constructed with a high throughput, but with not necessary high space and spectral resolution.

The proposed system will be mechanically divided into two subspectrometers. Each of them will contain two
dispersive elements, enclosed in one (common) vacuum chamber. The line of sight of both spectrometers will cross

at the main magnetic axis of the plasma.

Keywords: EUV/Soft X-ray spectroscopy, stellarator plasma, plasma impurities.

1. Introduction

Plasma impurities are one of the main factors
influencing the efficiency of the plasma fusion device.
Regardless of the the heavy, high-Z impurities, being the
most severe ones due to strong radiation losses and their
impact on the power balance due to strong radiation
losses, low-Z impurities can affect the plasma start when
the temperature is still quite low and decrease the plasma
device efficiency (by plasma ‘fuel’ dilution). The most
common light impurities are oxygen, nitrogen, carbon and
boron or (beryllium).

Oxygen is always observed during every discharge. It
is associated with the fact that during the venting of the
machine the oxygen (mainly as water) is adsorbed at the
walls of the inner plasma vessel. During the operation of
the machine the oxygen is slowly released from the walls
and penetrates into the plasma. Usually, the level of the
oxygen in the plasma gradually (but quite slowly)
decreases in time. Generally, in order to decrease the
influx of impurities released from the walls the plasma
vessel surface and plasma facing components can be
covered (e.g. by glow discharge) with lower-Z elements
such as boron or beryllium. This protective layer will be
gradually destroyed during the plasma experiments and
has to be renewed from time to time. By monitoring the
level of this element (boron or berylium) in the plasma
one can obtain information about the actual wall
condition.
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Inner walls of the majority of the currently working
plasma devices are covered by carbon tiles (e.g. in form
of CFC). The level of the carbon impurities can essentially
increase as a result of unwanted plasma-wall interaction.
In this case the intensity behavior of carbon radiation is an
indicator of local overload of certain plasma facing tiles.
Moreover, monitoring of the carbon impurity level will
not only provide the status of contamination but can be
also a tool for detection and study of plasma instabilities
(e.g. ELMs).

Excluding very specific application of the nitrogen in
some experiment scenarios (e.g. radiation cooling), one
can assume that the presence of this element in the plasma
is result of some kind of malfunction of the machine.
Usually it can be mainly associated with leakage in the
vacuum system.

For the purpose of monitoring the light impurities one
can analyze the spectra registered by different optical,
VUV or X-ray spectrometers. In some cases a special one
spectrometer, assigned only for such purpose is
constructed as e.g. paddle instrument of the JET KS6
spectrometer [1] or carbon and oxygen monitor for
ASDEX-U tokamak [2].

Similarly, in order to study light impurities in the
Wendelstein 7-X plasmas, a dedicated EUV/soft X-ray
spectrometer has been designed. It will simultaneously
measure the intensities of Lyman-ot emission of the
hydrogen-like ions of oxygen (O VIII at 1.9 nm), nitrogen
(N VII at 2.5 nm), carbon (C VI at 3.4 nm) and boron (B



V at 4.9 nm). Due to the historical facts, the spectrometer
has been named C/O monitor but it will collect spectra of
four elements.

During the first experimental campaign of W7-X
(OP1.1) several spectroscopic diagnostics were in
operation [3] but none of them is devoted to deliver
simultaneously the information about impurities like C, O,
N and B. That is one of the reason why C/O monitor is
with a high priority system which is foreseen to be
installed for OP1.2b.

2. General description of C/O monitor for W7-X

This spectrometer will work with high time resolution
(1 ms or better) and will be fixed at its position and
selected wavelengths. The fixed wavelength range and
position will allow comparing the results obtained at
different plasma configuration, in different experimental
campaigns, before and after modifications of the machine.
This device is designed only for measurement of the line
intensities and the line shapes will not be studied by this
spectrometer.

Because the main purpose of this system is high time
resolution it is necessary to select a design with high
throughput and with broad acceptance angle. If the
construction provides sufficiently high number of quanta,
associated with the spectral line under study, the time
resolution of the system is determined only by the
temporal resolution of the detector itself.

In the wavelength range of interest the reflectivity of
the gratings as well as of the crystals is very poor.
Because the gratings available for EUV are working at
very low, grazing incidence angles the acceptance angle
of such system is also very low. As the C/O monitor ought
to have high throughput it was obvious that one has to
resign of applying a grating as the dispersive element. The
crystals suitable for this wavelength range are also
characterized by quite low reflectivity. As the
contemporary technology, allows to construct the
multilayer mirrors also for such short wavelengths it was
decided to apply multilayer mirrors (MLMs) as a
dispersive elements. The producer of MLMs declared the
reflectivity to be at least two orders of magnitude higher
than for crystals. Only for the oxygen line at 1.9 nm,
which is the shortest wavelength of interest, the TIAP
crystal will be applied.

Due to the fact that for the determination of the
spectral line intensity it is necessary to register the
intensity in line core as well as the intensity of the
continuum (far wings of the line) the system has been
designed as a polychromator, with the Johann geometry.

Because of the irregular shape of the plasma and
simple function of the spectrometer it was decided that the
curvature of the mirrors ought to be cylindrical (instead of
spherical, enabling imaging of the plasma). As detectors a
commercially available CCDs designed for high energy
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detection will be applied. As an alternative detectors, a
proportional counter of special construction — a multistrip
gaseous chamber (MSGC) is considered. [2].

3. Design of the C/O monitor for W7-X

The spectrometer is composed of four independent
channels, with individual dispersive elements and separate
detectors. It is designed according to the Johann geometry
with Rowland circles radii adapted to the respective
wavelength ranges of interest. As a dispersive element for
the oxygen channel the TIAP crystal has been chosen. For
the other three spectral ranges multilayer mirrors (MLMs)
are foreseen, because of their high reflectivity and the fact,
that their poor spectral resolution is still sufficient in this
spectral range to resolve the specific spectral lines. The
multilayer for observation of the nitrogen spectral line will
consist of 150 layers of W/Si, for the carbon line 90 Cr/Sc
layers and for boron 100 Cr/C layers.

The spectrometer will be divided into two
subspectrometers located one over another, installed at the
AEK30 port (see Fig.1): one for C and O channels, the
second one for B and N channels. Each of the
subspectrometers will contain a set of two dispersive
elements and two separate detectors. Each of the
dispersive elements will be mounted on a piezodrive
rotational stage allowing fine-tune of the crystal/MLM
angle (Fig.2). The line of sight of those subspectormeters
will be tilted in such a way that it will cross the main
magnetic axis at approximately the same location (see
Fig.1). The observed plasma volume is determined in
vertical/poloidal (perpendicular to the main magnetic axis)
direction by a collimator, resulting in the height of the
observed plasma close to 9 cm at the center of the plasma.
In horizontal/toroidal direction the dimension of observed
plasma is defined by the curvature of the dispersive
element and varies for the different spectrometer channels.
At the center of the plasma the length of the observed
plasma, along the main magnetic axis is equal
approximately 0.3 m to 0.5 m.

Fig. 1. Line of sight of the C/O monitor channels

The curvature of the dispersive elements was chosen
such way that the detector length is sufficient to cover the
range of the spectral line and its far wings (see Tab.1) i.e.
continuum radiation. The detector orientation is not
tangential to the Rowland circle but perpendicular to the
incident radiation reflected by the dispersive element. The



advantage of this solution is freedom to apply different
types of detectors including proportional counter types as
e.g. the MSGC or GEM detectors which are characterized
by a deeper active/detecting volume inside the detector
and mechanical elements (window foil support) which can
shadow for radiation impinging at low angle.

Table 1. Channels of the C/O monitor.

Channel OVII NVII CVI BV
Line 1.89 2.48 3.37 4.86
wavelength

(nm)

Wavelength 1.86 — 225 — 3.08 — 4.65 -

range (nm) 2.00 2.66 3.50 5.19
Dispersive TIAP MLM MLM MLM
element

The vertical acceptance angle is reduced by a grid
collimator, constructed as a set of horizontal slits and
defining the angle equal 1.43°. The line of sight of the
subspectrometers are presented in Fig.1.

In order to adjust and extend the dynamic range of the
detector the input aperture will be equipped with a vertical
shutter motorized by a high-vacuum compatible

piezodrive.

Fig. 2. A CAD model of the one subspectrometer interior.

The construction of the spectrometer allows to change
the detector — the output arm is designed as a bellow
equipped with a standard CF flange and its construction
allows to modify its length, in order to adjust the position
of the photosensitive area to the focal plane (fig. 3).

Fig. 3. Output arm of the spectrometer
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In many spectrometers working in
magnetic-confinement plasma experiments (e.g. JET KT4
or KT7 spectrometers) the detector is constructed based
on microchannel plate combined with the luminescent
phosphor and a set of photodiodes (e.g. [4]). This solution
appears to be unnecessary complicated and for our
purpose we have decided to apply a simpler device.
Several types of position sensitive detectors were
considered. One of them is multiwire proportional counter
with the electrodes evaporated on the surface of glass
plate, called multistrip gaseous chamber. Such detector is
applied in the spectrometer monitoring carbon and oxygen
impurities, working at ASDEX-U experiment [2]. Another
option is gas-electron multiplier detector. Technologies of
such detectors are intensively developed in recent years
and they were successfully applied for soft X-ray plasma
spectrometry (e.g. spectrometer KX1 at JET [5]). There
exist also, commercially available, back-illumineted CCD
detectors designed for detection of EUV radiation.

For the initial phase of operation commercially
available CCD detectors will be applied. The flexible
design offers the possibility to change to multistrip- or
GEM- like detectors in a later phase.

3. Summary

The paper presents the conceptual design of the light
impurities  spectrometer, called C/O monitor, for
Wendelstein 7-X. The described diagnostic is based on the
Johann geometry and will consists of 2 subspectrometers
dedicated to Carbon, Oxygen and Nitrogen, Boron
measurements, respectively. This system is planned to be
installed at W7-X for OP1.2b experimental campaing.
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