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Abstract 

Current-carrying toroidal fusion plasma devices can be characterized by the edge safety 
factor q(a), which is proportional to the ratio of toroidal field to plasma current. Toka-
maks typically suffer “disruptions” or terminations due to the kink instability when q(a) 
< 2. Presented here are experiments in the Madison Symmetric Torus (MST) at the Wis-
consin Plasma Physics Laboratory (WiPPL) in which tokamak discharges are sustained 
with q(a) < 2, thus filling the gap between reversed-field pinch and tokamak operation. 
The lack of disruptivity is thought to be due mostly to a thick conductive vacuum shell 
which passively stabilizes external kink modes, as well as a novel feedback-controlled 
power supply system that drives plasma current. This low-q(a) regime is interesting 
due to strong nonlinear dynamical self-organization behavior, the relationship with cer-
tain kinked astrophysical plasmas, and the possibility of higher-current tokamak opera-
tion for fusion research. First, previous work with low-q(a) tokamak plasmas is re-
viewed, then details of MST and WiPPL are given. Finally, using a range of internal and 
external diagnostics, the properties of low-q(a) plasmas are studied over the range 0.8 
< q(a) < 3. It is found that the current and temperature profiles broaden as q(a) de-
creases toward 1. A transition is observed from the standard tokamak sawtooth cycle 
toward irregular fluctuation activity as q(a) decreases. For q(a) near and below 1, 
strong, saturated kink modes are observed. The experimental data are compared with 
preliminary nonlinear magnetohydrodynamic simulations using the NIMROD code. 
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