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1 Introduction

In the next operational campaign of Wendelstein-7AS, beginning in the summer of year 2000,
an island divertor concept [1] will be investigated for the first time in a stellarator type ma-
chine. In order to evaluate the performance of the divertor it has been necessary to dramatically
improve the edge diagnostics. An important part of this is the monitoring of neutral hydrogen
emission at the target plates. The inherent three-dimensional structure of the edge plasma makes
it necessary to have a complete two-dimensional view of the target plates.

To meet these requirements a new diagnostic system has been designed which will make
it possible to simultaneously monitor line emission from H�, H and CII . The design gives an
identical view of the plasma maintaining a full 2D coverage for all three species. The absolutely
calibrated measurements will provide information not only on the intensity distribution of the
emission across the target plates but also give the possibility to calculate the H to H� line ratio.
These results are important in determining the degree of detachment from in the divertor [2].

Also a second system with only one H� channel is planned. It will investigate emission from
the divertor module poloidally opposite that seen by the 3-camera system.

2 Experimental setup

The divertor module is imaged through an 8 mm f/1.4 CCTV-lens (Schneider Cinegon Com-
pact), mounted in a reentant flange to gain an unobstructed view. The 8 mm lens provides
virtually full coverage of the divertor module (Fig. 1). Two other lenses, 12 mm and 17 mm,
are available to achieve a higher magnification, sacrificing the full coverage of the divertor
module. The produced image is transferred to the camera setup using an image guide (Schott
IG-567). This has an image area almost identical to a 1/2” ccd, thus eliminating the need for
any enlargement or reduction in the collimation optics.

At the other end of the image guide the light is collimated with a lens. The image guide has
a relatively large numerical aperture, NA, of 0.56. This requires that the lenses used for colli-
mation have a small f-number in order to avoid excessive light falloff at the image borders. Not
using the full numerical aperture of the image guide can also cause unevenness in the bright-
ness between individual fibres in the bundle. The lenses are custom made 85 mm f/1.0. The
f/1.0 does not fully cover the full NA but is a good compromise between speed, cost and image
quality. The long focal length reduces the angle error in the collimation . This is important to
avoid unnecessary broadening of the passband of the filters. Especially the CII at 658 nm is
very sensitive since it is close to the strong H� line.

The collimated light is split by two beam splitters with 50% transmission/reflection into three
different light paths (Fig. 2). In each path a bandpass filter is placed for wavelength selection.
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Figure 1: The lower divertor is viewed through a recessed top port. The figure shows both the top and
the bottom divertor indicating the area covered by the viewing optics. The top and bottom modules are
toroidally displaced which makes it possible to view the bottom module at an almost 90Æ angle. The
image is transferred through an image guide to the camera and filter setup.

There is also a possibility to include neutral density filters to equalise the intensity of the light.
The light is then detected by three ccd cameras, one for each light path. These are equipped
with the same type of lenses as used for the collimation.

2.1 Filters

The small f-number of the collimation lenses results in a large diameter of the collimated light
path. This requires filters and beam splitters with large dimensions. The filters are 94 mm in di-
ameter with a 90 mm clear aperture. Specifications are given in table 1. The centre wavelengths
account for an incidence angle of 2.2Æ to avoid back reflections.

Species Wavelength FWHM
H� 656.28 nm 1.2 nm
H 434.19 nm 1.0 nm
CII 658.17 nm 1.5 nm
CII 514.38 nm 3.5 nm

Table 1: Specifications for the interference filters

The aim to resolve the CII from the H� requires strict tolerances for the absolute value of
the centre wavelengths and bandwidths of these filters. The combination of narrow tolerance
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Figure 2: The detection system is built around three CCD-cameras. The setup provides an identical view
of the divertor for all three channels.

filters and the use of collimation optics with a longer than normal focal length assures that the
intended performance will be achieved.

The H filter can be switched to a second CII filter with a passband at 514 nm. This can be
employed to investigate the possibility of using the CII quartet at this wavelength instead of the
doublet at 658 nm. It would be favourable to avoid using the 658 nm line since it is very close
to the strong H� line. The quantum efficiency of the cameras is also better at 514 nm.

The beam splitters are 100�140 mm2 with a 50% transmission/reflection dielectric coating.

2.2 Cameras

The strongly varying intensity of the line emission made it essential to have CCD-cameras
with a wide dynamic range. An 8 bit system has a too low dynamic range to be really useful
without loss of information through frequent saturation of the CCD. The second requirement
for the cameras is a good time resolution. These two requirements limit the number of available
cameras quite severely. Most fast cameras are only 8 bit and the cameras with larger dynamic
range are usually quite slow. The third requirement is a low noise level which leads to a cooled
CCD system.

The choice of cameras fell on the PCO Sensicam with 12-bit cooled CCD’s. This camera
uses an interline transfer sensor, meaning that every second line on the CCD is covered and only
used for storage and transfer of information. After each exposure the charge is transferred to
the covered rows, an operation that only takes about 2.5�s. The dark lines are then transferred
to the readout register. Thus it is possible to read out the chip and simultaneously make the next
exposure. This way it is possible to reach a 30 Hz readout frequency using the full 640�480
pixel CCD. This can be increased by binning the pixels. A 2 times binning will provide adequate
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Figure 3: A simulation made with the EMC-3 code showing the power load on the bottom target plate
in the divertor. The hydrogen line emission can be expected to show a similar spatial variation which
clearly indicates the necessity of a two dimensional resolution in the detection system [3].

spatial resolution in most cases with a 17 ms time resolution. Under some circumstances a
higher binning factor can be useful, sacrificing spatial resolution for temporal. With an 8 times
binning factor a time resolution of about 5 ms can be achieved. Without binning the 10�10�m2

pixels lead to a resolution�1mm when using the 8 mm lens.
The PCO cameras also have the advantage of an optional fibre optic link to the control

computer. This makes it easy to place the computers far from the strong magnetic fields around
the stellarator. The cameras themselves are not affected by the strong fields during the initial
test period.

3 Initial results

A preliminary setup of the system has been tested during the last phase of limiter configuration
operation on W7-AS. One camera with an H� filter has imaged the limiter using the 8 mm lens
and the image guide. This has served both to provide vital information on the H� emission and
also to gain experience for the three camera system.

It has been clearly seen that the H� emission pattern shows large spatial variations. Not only
with varying iota, as expected, but also with density. The 2D H� images has helped to interpret
the results from langmuir probes situated in the limiter tiles. Without the information from
the images it is impossible to determine if variations in the probe signals are due to a actual
variation in the peak particle flux or if it is the interaction zone that simply moves away from
the probe tip. With proper mapping of the probe area on the H� images it has been possible
to obtain good agreement in these measurements between the particle flux estimated from the
absolutely calibrated H� emission and that registered by the langmuir probes.



4 Conclusions

Both the experiences from the initial experiments and from simulations of the divertor configu-
ration (Fig. 3) show that the line emission from neutral hydrogen at the target plates has a large
spatial variation. The new system presented here will provide the necessary information in or-
der to evaluate the interaction of the plasma with the divertor target plates. H� will measure the
particle flux to the target plates. Together with the langmuir probes in the plates this will provide
a high resolution flux monitor. The probes alone are not able to resolve the fine structures of the
interaction. The H� to H ratio will serve as a detachment monitor (Te < 2 eV). It is expected
that the ratio increases as the plasma detaches from the target plates due to the differences in
excitation and recombination ratios for this line ratio [2]. The CII line emission will provide
information on the carbon efflux from the target plates. The possibility to use different lines
will be investigated. Observation of these lines together forms a powerful tool in the evaluation
of the performance of the divertor configuration.
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