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A phase sensitive array of antennas has been designed, developed and deployed on MAST and 

has obtained the first ever images of Bernstein wave mode coupling. The diagnostic is 

completely novel within the fusion community for its ability to form images without the need for 

any optical components. All image formation is done in post-processing and no real-time beam 

steering is required. The Synthetic Aperture Microwave Imaging System (SAMI) is capable of 

imaging thermally emitted radiation as well as backscattered radiation simultaneously without 

compromising performance.  

 

MAST is overdense in the microwave emission sense and so measurement of temperature 

profiles using ECE is challenging. Thermal emission is dominated by electrostatic Bernstein 

waves which have coupled to electromagnetic modes at the cutoff surface. However, the coupling 

efficiency is strongly dependent on the magnetic field vector at the cut-off, thus images at 

different frequencies probe the magnetic field at different layers of the plasma. An application of 

this diagnostic is to measure the edge current density with sub centimetre radial resolution within 

the steep gradient region. The edge current density profile is a critical parameter for the stability 

of the Edge Localised Mode and experimental measurements of it are scarce. 

 

Imaging of backscattered radiation from an active probing source located just above the array 

provides a novel relative calibration source. Further, the frequency shift of this backscattered 

radiation is measured to provide images of the Doppler shift over nearly half the plasma surface 

providing simultaneous measurements of the flow.  

 

Excellent agreement between full wave simulations and experimental images of emission have 

been found in L-mode while discrepancies from the predictions have been found in H mode 

which hint at an alternative magnetic field structure. This diagnostic has also been used to probe 

predicted asymmetries in the mode coupling efficiency above and below the midplane.  
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