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Spherical torii require non-inductive current drive for startup and steady-

state sustainment. Coaxial Helicity Injection (CHI) is used to produce and

sustain non-inductive discharges with over 200 kA toroidal plasma current in

both the National Spherical Torus Experiment (NSTX, R = 0.85 m, a = 0.67

m, Bo = 0.3 T) at the Princeton Plasma Physics Laboratory [1,2] and the

Helicity Injected Torus experiment (HIT-II, R = 0.3 m, a = 0.2 m, Bo = 0.5

T) at the University of Washington [3].

HIT–II Results HIT–II produces CHI plasmas with toroidal currents ex-

ceeding 200 kA for several ms, with Jtor = 0.8 MA/m2. HIT–II has 28 close-

fitting poloidal field coils that use active feedback control in real time to provide

extremely flexible flux boundary conditions. Flux boundary conditions can be

programmed to optimize the HIT–II plasma boundary, and also to explore

“NSTX-like” conditions. A (non-symmetric) double-null divertor configura-

tion is found to produce high-quality discharges with low gas fill pressures,

shown in Fig. 1. These high-quality discharges are characterized by a rotating
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Figure 1: CHI only discharge in HIT–II in DND configuration.

n=1 distortion near the outer midplane, and symmetric poloidal fields above

and below the midplane. The n=1 oscillation exhibits the same pitch as the

edge magnetic field lines.

NSTX Results In NSTX, 260 kA peak toroidal currents (toroidal current

density Jtor = 0.26 MA/m2) are obtained with CHI, with lower current pulses

driven for up to 200 ms [4]. A pulse with Ip over 150 kA for 50 ms is given

in Fig. 2. Recent analysis has shown the existence of frequent, though inter-

mittent, several-cycle bursts of n=1 rotating distortions. This n=1 rotating

distortion has features similar to those seen in high-performance CHI HIT–II

discharges: 1) observed only on the outboard side, 2) rotates in the direction

of E × B, and 3) rotation frequency in the range of 10 – 60 kHz. Incom-

plete data from an outboard poloidal probe array (3 probes with six degrees of

separation) show some poloidal structure, though the m number is not clear.

NSTX has also added CHI to Ohmic discharges, as shown on an expanded

time scale in Fig. 3. A divertor (injector flux) is produced, starting at 140 ms,

during a 600 kA Ohmic discharge. A low level of CHI current is seen when this

injector flux is being added, notably before the CHI voltage is applied at 185
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Figure 2: CHI only discharge in NSTX. Vertical lines correspond to the fast

camera images on the right.

ms. The CHI current does not increase above a few hundred amperes until an

internal reconnection event around 201 ms. CHI current increases to 4 kA for

about 10 ms. Another IRE occurs later at 240 ms.

Discussion The behaviour of the n=1 rotating oscillation in NSTX differs

from that of HIT–II in that the n=1 in NSTX occurs in intermittent bursts

of several cycles each. High-performance CHI discharges in HIT–II have con-

tinuous n=1, perhaps suggesting that NSTX is on the “verge” of producing

continuous n=1 rotating oscillations. Future NSTX experiments will have op-

timization of the n=1 oscillations as an operating goal.

When CHI voltage is applied to an NSTX Ohmic plasma, significant CHI

current is seen after an IRE. The typical plasma current peak and decay fol-

lowing an IRE appears to be modified by the CHI current. Note in Fig. 3

the plasma current remains higher following the IRE at 201 ms (with CHI

current) than the IRE at 240 ms (no CHI current). The plasma current also

has “features” coincident with those found on CHI current and voltage traces.

This may be initial evidence of enhancement of Ip by CHI in NSTX.
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Figure 3: Addition of CHI edge current to an Ohmic discharge (expanded time

scale). Vertical lines correspond to the fast camera images on the right.

Summary CHI has produced over 200 kA in both HIT–II and NSTX. Ro-

tating n=1 oscillations have been observed in HIT–II (continuously) and in

NSTX (in frequent several-cycle bursts). In NSTX, the oscillations have simi-

lar characteristics as those seen in HIT–II [3]. These oscillations are strongly

correlated with high-performance discharges in HIT–II. CHI has been applied

to Ohmic plasmas in NSTX with no deleterious effects. Plasma current may

be sustained by the edge CHI current. These results bode well for future CHI

studies on NSTX.
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