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Abstract: An overview of recent experimental results from the Advanced Toroidal Facility
(ATF) is presented. Beam-heated plasmas with n^ of 1020 irr3 and xE* of =20 ms have been
achieved. Thermal collapse of the plasmas is mitigated by wall conditioning and particle
fueling. Confinement time scales positively with density and magnetic field, offsetting
deterioration with power. Results fit the LHD scaling and the drift wave turbulence scaling.
Bootstrap currents observed during ECH agree with neoclassical theory in magnitude and
parameter dependences. Fast reciprocating Langmuir probe measurements show that edge__
fluctuations in ATF have many similarities to those in the TEXT tokamak. The location of B
instabilities has shifted outward in radius, consistent with the broader pressure profiles.

1. Introduction
In the past year, significant -ogress has been made in extending the research

capabilities of ATF,1 After verification of the successful repair of the error field, the
maximum magnetic field was increased from 0.95 T to 1.9 T, a power supply was added for
the mid-VF coils, six getter sources and a second 53-GHz gyrotron were installed, and
profile diagnostics were improved (two-dimensional Thomson scattering, scanning neutral
particle analyzer, FIR interferometer, etc.). Recent experiments2 have concentrated on (1)
plasma performance improvement and confinement scaling (2) bootstrap current and (3)
fluctuation studies.

2. Improvement of Plasma Performance and Confinement Scaling
Recent improvements in plasma performance are the result of improved impurity and

particle control. Previously, glow discharge cleaning with vacuum vessel baking (at 150°C)
was used for wall conditioning. Although quasi-stationary ECH discharges lasting for up to
Is were obtained at 0.9S T, NBI discharges suffered thermal collapse in spite of low impurity
density and low radiative power fractions {&& £ 2 and Prad/Pinput < 40% until the time of the
collapse).3'4 The low radiation levels suggested that impurities might not be the sole culprit.
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The collapse has not been eliminated, but extensive gettering (=60% wall coverage) and better
gas programming have led to extended longevity (up to 0.27 s) for NBI discharges.

Figure 1 shows the time evolution of several plasma parameters for a typical recent
discharge with NBI (H° into D+, 1.4 MW total from co- and counter-injecting beams, 1.9 T.
Ti gettering). "Reheating" occurs after cessation of the strong gas puff at the beginning of the
beam pulse. At the peak of the soft x-ray signal, the line-average density rfc = 6.1 x 1 0 ^
m~^, the diamagnetically measured plasma stored energy Wp = 19 kJ, the global energy
confinement time Xp* = WJPj,, = 12 ms, and the "apparent" ion temperature obtained from
neutral panicle analysis is 0.28 keV. Profile analysis based on Thomson scattering profiles
taken at this time indicates that the "apparent" ion temperature is approximately consistent
with neoclassical ion conductivity. The analysis yields a stored energy of 17 kJ (with a 5%
contribution from the fast ion component), and a (thermal) gross energy confinement time,
(Wp + Wi)/(Pbc + Pbj) = 12 ms = x£*. The optimal gas puffing (a strong, short fueling
which results in reheating) is reminiscent of successful pellet injection and of the Improved
Ohmic Confinement (IOC) mode in ASDEX.5

The maximum value obtained for W p (27 kJ at BQ = 1.9 T) is an increase by factor of
3.5 over the level achieved in 1988.3 Global confinement times of 20 ms have been obtained
with injected power > 1 MW; confinement times as high as those in ISX-B even including the
operations with impurity-enhanced confinement (the Z-mode).6 The highest volume-average
P ((P) = 0.84% at B o = 0.95 T) was achieved with NBI and fueling with two 0.5-mm pellets
at 1.0 km/s.

Higher densities are possible with NBI, and the positive density dependence offsets the
degradation with power. Global confinement in ATF is consistent with the LHD scaling,7

XELHD = 0.17p-0-58n0.69B0.84a2.0R0.75 ( s ; M W, lO20!*"3, T, m, m)
as shown in Fig. 2. ATF (and other stellarator) data also fit well the drift wave turbulence
(gyro-reduced Bohm) scaling,8»9

x dw = (fxl0-9).p-O.6n0.6B0.8a2.4R0.6lcA.-O.2 (SI units)
as shown in Fig. 3. This suggests that drift waves, in particular trapped-electron instabilities,
may be important in stellarator (and tokamak) plasmas. ATF can make a significant contribution
here because the fraction of confined tnpped-particles and the magnetic shear can be externally
controlled, thereby directly influencing the instabilities.

3. Bootstrap Current
The present ATF experiment is aimed at verifying neoclassical theory on bootstrap

current through direct measurements (in the absence of other current) and parametric scans (in
particular, with magnetic configuration). Neoclassical theory10 predicts that, in the low-
collisionality limit, the bootstrap current is given by jb= -3(ft/fc) Gb BQ"1 Vp, where G^ is a
magnetic geometry factor that depends on the IBI spectrum on a flux surface and changes with
the quadrupole (shaping) or dipole (vacuum axis) component of the vertical field.

The toroidal current observed during ECH in ATF is predominantly bootstrap current.
There is negligible OH loop voltage (V < 0.003 V). ECH current drive is negligible,
because: (1) the microwave power is launched perpendicular to the magnetic field, and (2)
the observed current responds to reversal of the helical coil current and to changes in ne, in
contradiction to the expectations for an ECH-driven current. More importantly, the
following results confirm the parametric dependences on vertical field that are predicted by
neoclassical theory.

Figure 4 shows the currents observed as a function of the mid-VF coil current ratio, the
parameter that changes the quadrupole component of the vertical field. Also shown are the
bootstrap currents calculated with neoclassical theory. The agreement is good in both
magnitude and dependence on the quadrupole field. The bootstrap current decreases as the
plasma is vertically elongated (as the coil current ratio increases). Figure 5 shows that the
bootstrap current observed in the dipole field scan is also consistent with the theory. The
current increases as the vacuum axis is shifted inward (\ < 0), until it eventually decreases
owing to reduction of plasma pressure by confinement deterioration. We also observe that
the current normalized to the stored energy (or total pressure) for operation at 1.9 T is lower
by about a factor of 2 than that at 0.95 T, supporting the assertion that Ip is inversely
proportional to BQ.



The results show that the neoclassical theory of the bootstrap current describes the
current flow in ATF even in the presence of anomalies in particle and heat flows. In addition,
the results demonstrate the ability to reduce the toroidal current down to zero, as is desirable
for stellarator operation. The directions of the vertical field components to minimize the
current are the same as those needed for high-|3 plasmas (which optimize with outside shift
and elongation).1

4. Fluctuation Studies
There are three general classifications of fluctuation studies in ATF: (I) plasma edge

turbulence; (2) high-pstability; and (3) the low-collisionality regime. We have initial results
in the first two areas, and are starting investigation of the third with the recent installation of a
second gyrotron.

In the edge fluctuation studies we use a fast reciprocating Langmuir probe (like that
used on the TEXT tokamak12) to measure density (n) and potential (ip) fluctuationsin the
plasma edge (0,95 < r/a < 1.13) of ATF and then compare the results with those from TEXT.
The general features of the fluctuations are the same on both devices. In particular, the data
show a departure from the Boltzmann relationship; experimentally, (e^/kTp > (n/n)j as
shown in Fig. 6(a). These features are generally consistent with a model ofradiative thermal
instability coupled with resistive instabilities.13 The calculated fluctuation-induced particle
flux [Fig. 6(b)] is comparable to the total particle flux estimated from H a measurements,
assuming that particle flux is constant on a magnetic flux surface.

In recent work, instabilities seen by magnetic fluctuation (B) probes have shifted
outward in radius. We interpret this shift as a consequence of pressure profile broadening
brought on by the field error repair and performance improvement A clear change in the
edge density fluctuation spectrum measured by the microwave reflectometry occurs during
the "reheating" phase described in Section 2 and appears to have a (p) threshold. Pan of its
spectrum is then correlated with B.
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