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Magnetic fusion experiments need to demonstrate a safe and robust plasma environment, which 
can be utilized for energy production. One of the main aims of Wendelstein 7-X is an 
investigation of quasi-steady state operation, at which up to 10 MW of  heating will be used in 
the discharges with duration of 30 minutes (24 MW for 10 s). Due to 5-fold symmetry of W7-X 
ten actively cooled divertor units will be used for power and particle exhaust in the second 
operation phase. These have been designed to withstand 10 MW/m2 in steady state. In case local 
loads exceed this value, there is a risk of delamination and failure of these components, whose 
plasma facing surfaces consist of carbon fiber composite (CFC). The main diagnostic to assure 
safe divertor operation of Wendelstein 7-X is a set of ten endoscopes monitoring the divertor and 
baffles surface and the plasma radiation near their surface in infrared and VUV light. The main 
tasks for the endoscopes is to identify areas with too high temperature and distinguish them from 
other events like e.g. surface layers; study the asymmetries in power loads between the W7-X 
modules and of course power and particle exhaust. 

Each endoscope has a Cassegrain optical system designed to observe the  4 m long and 1 m wide 
divertor with a resolution of up to 6 mm [1]. The same image is transferred via complex optics to 
an infra-red and additional to a visible camera and through a separate window to the 
spectrometers for plasma edge studies in VUV range. During long pulse operation, the front part 
of the endoscope needs to be actively cooled in order to keep the endoscope housing at 
temperatures well below 150°C. Otherwise it would make infrared monitoring of the divertor 
surface very difficult and could even lead to damage of some of its components. Other 
requirements for the design are measures against ECRH stray radiation and avoidance of 
impurities entering the endoscope through the pinhole in the front plate. ECRH stray radiation 
can be significantly reduced by installing a cold aperture coated with Al2O3/TiO2 inside the 
endoscope. A constant influx of plasma impurities would result in degradation of the first mirror 
transmission due to deposition of a:C-H layers. Mitigation measures include regular transmission 
monitoring with a heater built-inside the endoscope, and cleaning of the mirror surface by means 
of high temperature (ca. 400°C) [2]. Additionally we want to test the effectiveness of a flow of 
hydrogen gas through the observation pinhole on the amount of layers formed on the first mirror. 
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