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Fast wave current drive in the lower hybrid range of frequencies (“helicon™) is a candidate
technology for off-axis noninductive current drive in steady-state advanced tokamak reactors.
To date the concept lacks experimental verification, which this work is intended to provide.
Experiments with 1.2 MW of power at 476 MHz available from a single klystron have been
underway at DIII-D since June 2021. To date, we have been able to apply up to 0.7 MW to the
input of a 1.5-m-wide comb-line traveling-wave antenna structure with 30 antenna modules.

Square-wave-modulated pulse trains were used to observe power deposition in the core of the
tokamak discharge. The power is absorbed on thermal electrons via electron Landau damping
at a parallel index of refraction (n)) of ~4 (launched n=3), according to ray-tracing studies. In
the low-beta L-mode plasmas, ray-tracing predicts centrally peaked absorption, while the
ultimate goal of these experiments is to couple power to high-f3 plasmas which yield single-
pass absorption off-axis (and current drive there). In a relatively low-power example, 0.2 MW
is coupled to the plasma with 50 Hz square-wave modulation, and of this power, about 20% is
observed in the core. This fraction is comparable to the predicted first-pass absorption in multi-
ray simulations, which predict a similar very centrally peaked profile in this low-beta case.

Observation of first-pass absorption suggests investigation of edge loss mechanisms that might
lead to parasitic absorption in the scrape-off layer. Clear evidence of parametric decay
instability (PDI) is obtained with a significantly lower threshold power level than expected from
modeling with approximate values for the scrape-off layer plasma parameters [1], supporting
the hypothesis that the PDI may result from parasitically excited slow lower hybrid waves in
the antenna near-field region. In some cases, a Fast Ion Loss Detector mounted at the outboard
midplane at a toroidal angle close to that of the antenna has observed energetic ions at high
pitch angles that may result from the damping of the ion cyclotron quasi-modes in the PDI
region. However, no indication of PDI at a level high enough to cause pump depletion and
significant power loss has been observed to date on DIII-D.
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