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Neoclassical Toroidal Viscosity (NTV) due to non-ambipolar particle diffusion that occurs in 

tokamaks due to low magnitude (B/B0 ~ O(10
-3

)) 3D applied fields [1,2] is often used for 

positive purposes including modification of the plasma rotation profile, V, to stabilize MHD 

modes and for ELM suppression. A potentially beneficial NTV effect that may be important 

in slowly rotating plasmas such as those envisioned in ITER is the NTV offset rotation [1,3]. 

Past experimental research has only considered that the NTV offset rotation can occur in the 

direction opposite to the plasma current (counter-Ip). In recent experiments, the NTV offset 

rotation profile, V0
NTV

, was directly measured and studied in the KSTAR superconducting 

tokamak in a parameter regime that has shown for the first time strong, controlled rotation in 

the co-Ip direction at high electron temperature, Te. This result is expected when considering 

generalized NTV theory that allows for torques generated by both the electron and the ion 

channels, the balance of which yields the total V0
NTV

 profile (electron/ion NTV torque scales 

as (mi/me)
0.5

(Te/Ti)
3.5

 indicating that the electron channel should be dominant) [1,4]. A 3D 

field with a dominant n = 2 component was used to produce the V0
NTV

 profile. Rotation in the 

plasma outer region exceeded 12 krad/s which is quite significant compared to projections 

for ITER of approximately 2 krad/s in the pedestal region [5]. Also, the rotation shear that is 

measured for the V0
NTV

 profile is large – 15 times greater than the shear measured in the 

intrinsic rotation profile (without applied 3D field) produced in the outer plasma region. 

Experiments examined the V0
NTV

 profile under different heating conditions to examine the 

effect of plasma temperature. Higher Te produced the strong co-rotation and rotation shear, 

while higher density and lower Te reduced these characteristics. 
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