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Summary : In fusion devices, the transport of plasma from the magnetically confined volume into the 
region of open magnetic field lines (known as the scrape-off layer, SOL) that contact solid components 
of the vessel wall is largely a turbulent process. Plasma filaments are observed with fast cameras to 
detach from the plasma near the boundary of the last closed flux surface, after which they propagate 
radially outward at high speed. The radial motion is believed to be governed by the interchange 
instability. The reason for the initial formation of the filaments is not yet understood, but measurements 
indicate that they are formed preferentially on the outboard side of the torus, suggesting the action of a 
ballooning type instability. Initially the filaments have a finite length. As they propagate radially, the 
plasma within them expands freely along the magnetic field lines, giving rise to pressure-driven parallel 
flows that are detected by probes at different poloidal locations in the SOL. 
          The preceding description does have some experimental backing, but it remains at the same time 
largely conjectural. One problem lies with the probes usually used in tokamaks. They consist of large 
housings which could interact strongly with the plasma filaments. Embedded in the housings are small 
cylindrical pins that are supposed to measure plasma flux. The correct calibration of such pins has long 
been elusive due to the difficulty of making three-dimensional calculations of plasma flow around a solid 
object in the presence of a magnetic field. Therefore, any measurements made until now must be 
regarded as "uncalibrated". Recently, however, fully three-dimensional, self-consistent kinetic 
calculations of plasma flow to spherical objects have become available [I. H. Hutchinson, L. Patacchini, 
Plasma Phys. Control. Fusion 52, 124005 (2010)] and finally provide an opportunity to calibrate small 
probes, which are essentially operating in the unmagnetized or partially magnetized regime (despite 
frequent claims to the contrary). 
          The goal of the thesis is to design a small segmented probe that corresponds as much as possible to 
the geometry of published theoretical models and use it to measure flow, density, and temperature within 
plasma filaments. We aim to establish whether indeed there is correlation between flow (parallel and 
EXB) and density on a microscopic scale. Measurements will be made in tokamak GOLEM at Czech 
Technical University in Prague, and perhaps later at the COMPASS tokamak at the Institute for Plasma 
Physics, also in Prague. GOLEM is a small tokamak of circular cross section which has the unique 
feature of being connected to internet, making it possible to perform experiments remotely. COMPASS 
is a small divertor tokamak having the same geometry as ITER, giving it a key role in making empirical 
size scalings of plasma phenomenon that are needed to anticipate ITER performance.   

 
Skills : plasma physics, good English (written and spoken), Computer programming (e.g. Fortran, 
Matlab), CAD drawing (not essential but would be a plus) 

 


