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A program to demonstrate high-efficiency off-axis current drive aims to couple 1 MW of power 
at 476 MHz to DIII-D plasmas in the fast wave polarization, also known as the whistler or 
helicon wave, to enable a proof-of-principle experiment on helicon current drive [1]. The key 
attributes of this experiment are the use of a toroidal array of antenna modules of unprecedented 
width configured as a 30-element comb-line traveling wave antenna to launch a well-defined 
toroidal spectrum of waves at n||=3, combined with the ability to produce target plasmas with 
neutral beam and electron cyclotron preheating with excellent confinement and high electron 
pressure which should result in complete first-pass absorption of the launched power in the mid-
minor-radius region (ρ~0.5). To experimentally confirm the linear physics of the wave 
launching and propagation, a complementary set of experiments is underway on the LArge 
Plasma Device (LAPD) at UCLA. A 10-element comb-line antenna, using components from 
the 12-element low-power test antenna that was operated in DIII-D [2] in 2015-2016, has been 
recently installed in LAPD for this study. Topics to be addressed in the low-power (linear) 
experiments in LAPD include detailed 3-D characterization of the ray paths and comparison to 
modeling and correlation of observed loading characteristics of the antenna with wave 
polarization in the plasma (parasitic slow wave excitation) and with the density profiles adjacent 
to the antenna surface. The high-power experiments on DIII-D will characterize the wave power 
deposition profiles by measuring the non-inductively-driven current with MSE diagnostics; in 
the best cases, modeling predicts driven currents in the range of 0.05 - 0.07 MA per coupled 
MW [1]. Non-linear effects such as parametric decay instabilities in the plasma edge [3] will 
be assessed in DIII-D. Installation of the 30-element high-power comb-line antenna in DIII-D 
was completed in February 2020; experiments with a 1.2 MW klystron powering the antenna 
will commence in the spring.  
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