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Abstract

Research on spherical tokamak (ST) plasmas is progressing rapidly. Recent results from the mega-ampere
class ST devices, MAST and NSTX, are herein reviewed. A toroidal beta of up to 35% and a normalized beta
of over 6 were achieved on NSTX. The highest betas are obtained with low internal inductance and a flat pres-
sure profile, exceeding the no-wall stability limit by up to 20%. Diamagnetic plasmas with a noninductive cur-
rent fraction of 60% and a self-driven current fraction of 40% have been obtained. lon thermal diffusivity is
consistent with neoclassical transport, whereas electron thermal diffusivity is anomalous. A strong toroidal
flow (26 30 % of Alfven velocity) is observed. H-mode is routinely observed in both MAST and NSTX. En-
ergy confinement is consistent with the ITER 98y2 ELMy H-mode scaling, but the H-mode transition thresh-
old power is about 50% higher than the ITER scaling. The divertor heat load is highly asymmetric, the out-
board side being higher than the inboard side, typically by an order of magnitude. Up to 0.5 MA of plasma
current has been obtained using the merging-compression technique, and further increase was demonstrated
by ramping up the vertical field on MAST. Up to 0.4 MA of toroidal current has been obtained by coaxial helic-
ity injection on NSTX. Noninductive current drive techniques using the neutral beam, high harmonic fast
wave, and electron Bernstein wave are being developed.
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Good Curvature

Bad Curvature

Magnetic Field Line

Tokamak

Fig.1 Spherical tokamak (spherical torus) configuration. Stabil-
ity is improved by a large fraction of the magnetic field line
in the good curvature region.
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Table 1 Parameters achieved in NSTX and MAST.

NSTX MAST
R (m) 085 085
a (m) 068 065
A 127 13
K 25 245
) 08 05
I, (MA) 15 135
By (T) 06 052
Pyi (MW) 7 3
P (MW) 6 (HHFW) 0.6 (EC/EBW)

Fig.2 NSTX device. All coils are located outside the vacuum
vessel. Close-fitting stabilizing plates are installed to im-
prove MHD stability.
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Fig. 3 MASTdevice. Poloidalfield coils are located inside alarge
vacuum vessel.
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Fig. 4(a) Waveforms of NSTX discharge that reached 8= 35%.
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Fig. 4(b) Equilibrium flux surfaces at maximum beta, 8 = 35%.
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Fig. 6 Comparison of experimental data with stability calculation
by VALEN. Bn exceeded the no-wall limit by 20% while

the toroidal rotation V 4 was large.
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Fig. 7(b) B as a function of the pressure peaking factor Fp =
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Fig. 8 Energy confinement time determined from magnetic
analysis for NSTX L-mode and H-mode plasmas, com-
pared to the ITER 97 L-mode scaling.
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Fig. 9 Electron density and electron temperature profiles for a typical MAST H-mode plasma.
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Fig. 10 Visible image of double null divertor (DND, left) and
natural divertor (ND, right) plasmas.
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Fig. 11 Changes in Dy emission and electron density as a func-
tion of d rsep, indicating favorable H-mode access for the
connected double null (CDN) configuration compared to
single null divertor (SND) configurations.
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Fig. 12 Energy confinement of MAST H-mode plasmas com-
pared to the ITER 98 IPB(y,2) ELMy H-mode scaling.
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Fig. 13 The threshold power for L-H transition compared to the
ITER database. MAST threshold power appears to be
somewhat higher than the ITER scaling. The inverse
aspect ratio is defined as € = 1/A.
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Fig. 14(a) Electron and ion temperature profiles (Te, Ti) and
toroidal rotation velocity (Vy).
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Fig. 14(b) Electron and ion thermal diffusivities (e, xi) com-
pared to the neoclassical i.
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Fig. 15(a) Internal transport barrier observed on MAST (T; and
V).
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Fig. 15(b) Internal transport barrier observed on MAST (elec-
tron and ion pressures, Pe and P)).
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