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Wendelstein 7-X (W7-X) is the largest and most advanced superconducting stellarator currently in operation.
The primary objective is to demonstrate the ability to maintain a steady-state plasma with fusion-relevant
plasma parameters and thus proving that the stellarator is a viable fusion power plant concept. In the most
recent test campaign, the new and fully water-cooled divertor was tested with a heating power of up to 7 MW
and a long-pulse operation of up to 8 minutes with 1.3 GJ of injected energy was achieved.

While electron temperatures of up to 5 keV and densities of 2.4x10%° m ™ are found in the centre of the plasma,
these drop to a few 10 eV and 10'® m™3 at the plasma edge. Consequently, a number of different plasma
physical effects must be exploited to determine important plasma parameters, profiles, flows or turbulence
phenomena. Diagnostics inside the plasma vessel are subject to harsh boundary conditions, including thermal
loads in the divertor of up to 10 MW/m? as well as plasma and microwave scattering radiation of up to 100
kW/m? each. They must therefore be adequately protected and thermally connected to the cooling structures.
Another challenge, especially for the safety-relevant diagnostics such as the IR cameras for monitoring the
divertor surface temperature, is the long-term operation of up to 30 minutes and the handling of large amounts
of data. In addition, the complex 3D magnetic field structure and additional asymmetries of the plasma require
extensive mapping techniques for comparisons at different toroidal positions and for different diagnostics.

The presentation will give an overview of the development and application of some diagnostics in relation to
the aforementioned requirements.
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