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The Columbia Non-neutral Torus (CNT), located at Columbia University, is a toroidal, 
ultra-high vacuum stellarator designed to confine pure electron and other nonneutral plasmas. Its coil 
configuration is the simplest of any stellarator constructed, since it consists only of two pairs of 
circular planar copper coils. CNT started operation in November 2004. During its first months of 
operation a detailed mapping of the nested magnetic surfaces has been developed using the 
fluorescent method. 

An electron beam was emitted along a field line by a small moveable electron gun. Different 
beam energies (ranging from 50 to 200 eV) were used to perform the field line mapping. The e-
beam emitted by the electron gun followed the field lines around the torus and hit two moveable ZnO 
coated aluminum rods that emit visible light when struck by the e-beam. For each position of the e-
gun, the phosphor rods scanned the cross-section of the torus allowing a standard digital camera to 
record a single magnetic surface in a five second exposure. Multiple photos were taken and then 
manipulated and superposed using IDL software to create composite images of the nested magnetic 
surfaces. Detailed mapping of the magnetic flux surfaces was completed at a variety of magnetic 
configurations and at pressures in the 10-8 Torr range. 

The experimental results were compared with numerical calculations demonstrating that the 
obtained measurements agree very well with numerical predictions. In particular, the current 
configuration has an ultralow aspect ratio (A≤1.9) and excellent magnetic surface quality with no 
detectable island structures or stochastic regions, except at the edge of the plasma where a predicted 
island chain is present. These experimental results will be presented along with details of the field line 
mapping system. 

 


