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Equilibrium Properties of Ohmically
Heated Plasmas in NSTX
During its first operational period from Sep-

tember 1999 to January 2000, experiments
were conducted in the National Spherical Torus Ex-
periment (NSTX) to establish the range of plasma
cross-section shapes available for future research.
One of the primary research goals of NSTX is to
investigate the effects of plasma cross-section shap-
ing on magnetohydrodynamic (MHD) stability for
low aspect-ratio plasmas. During these experi-
ments, the toroidal plasma current and the radial
and vertical position of the plasma within the
vacuum vessel were controlled by real-time feed-
back of the currents in a group of the poloidal field
coils. The shape of the plasma cross-section was
controlled by pre-programming currents in the
coils at the top and bottom of the vessel.

The evolution of the plasma equilibrium was
analyzed with an automated version of the EFIT
code [L.L. Lao, et al., Nucl. Fusion 25 (1985)
1611] which calculates an MHD plasma equilib-
rium consistent with the data from more than 70
magnetic measurements. These include the cur-
rents in the coils, the plasma and the structure
surrounding it, and the magnetic flux and local
magnetic field at many locations surrounding the
plasma. Because of the low toroidal resistance of
the vacuum vessel wall and the stabilizing con-
ductors close to the plasma, the induced currents
must be included in the analysis. The application
of EFIT to NSTX has been a collaborative project
between Princeton Plasma Physics Laboratory,
Columbia University and General Atomics.

For these experiments, NSTX was operated
with a vacuum toroidal magnetic field B0, of 0.3 T
at the center of the vacuum vessel cross-section,
and plasma current, Ip, up to 1.0 MA and plasma
pulse lengths up to 0.5 s at lower currents. The plas-
mas were heated resistively by the current flowing
in the plasma and fueled by deuterium gas puffing.
Figure 1 illustrates the evolution of some of the main
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Figure 1: Evolution of plasma parameters for
an NSTX ohmic discharge. The interval between
EFIT analyses is 1 ms.
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plasma parameters for a shot which reached 1 MA in plasma
current. Three parameters of the plasma configuration are
important for its stability: the elongation, κ, which is the
ratio of the height of the plasma cross-section to its width,
the triangularity, δ, which is a measure of the displacement
of the highest and lowest points on the cross-section to-
wards the major axis, and the internal inductance param-
eter, li, which is a measure of the distribution of plasma
current over the cross-section. The thermal energy stored
in the plasma, Wtot, reached 35 kJ, with an input power of
2 MW, corresponding to an energy confinement time, τE,
of 15 ms. The line average electron density, ne, is measured
by a microwave interferometer.

During the rapid rise of the plasma current, insta-
bilities frequently occurred, as seen in Figure 1, at about
0.065 s. During these events, which involve redistributions
of both the plasma current density, as evidenced by the
increase in li, and of metallic impurity ions out of the
plasma core, as evidenced by data from soft x-ray detec-

tors (not shown). The discharge of Figure 1 finally ends
in a series of reconnection events beginning at about
0.18 s.

Limiter, double-null, and lower single-null diverted
configurations were produced in NSTX, as shown in Figure
2. Each was sustained at a nominally constant plasma cur-
rent of approximately 0.6 MA for more than 0.1 s, equiva-
lent to about 5 energy confinement times. Elongations 1.6
≤ κ ≤ 2.0 and triangularities 0.25 ≤ δ ≤ 0.45 were sus-
tained, while maximum values of κ = 2.6 and δ = 0.6 were
reached transiently. The largest stored energy was attained
at the highest plasma current, electron density and plasma
volume.

In the next operational period of NSTX, it is planned
to implement additional real-time analysis and feedback
capabilities for the plasma so that many more features of
the equilibrium, such as the position of the boundary rela-
tive to several internal components and the location of the
divertor strike points, can be controlled simultaneously.

Fig. 2. Poloidal flux contours calculated by EFIT for limited, double-null, and lower single-
null diverted equilibria in NSTX. The outer white contours show the cross-section of the
plasma-facing wall; the inner white contours are the plasma boundary, i.e. the last closed
flux contour inside the vacuum vessel. In the diverted configurations, the arrows show the
positions of the null points in the poloidal field on the boundary
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