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TRANSACTIONS OF FUSION TECHNOLOGY

Study of the Ultra Low Aspect Ratio Tokamak, ULART

M. Yamada, N. Pomphrey,
Plasma Physics Laboratory, Princeton University, Princeton, NJ, 08543, USA,

and

A. Morita, Y. Ono, and M. Katsurai
Dept. of Electrical Engineering, University of Tokyo, Tokyo, 113, Japan

ABSTRACT

We investigate experimentally and
theoretically the global MHD characteristics of
an ultra-low aspect ratio tokamak (ULART).
Since the ULART requires a substantially
smaller toroidal field current, I¢f, than
conventional tokamaks, it has important reactor
advantages. By fully utilizing the TS-3 merging
spheromak facility with a slender center
conductor, we have carried out an experimental
study of the ultra-low aspect ratio tokamak with
aspect ratio reaching as low as 1.05. The
ULART is found to be similar to the spheromak
in its strong paramagnetism and magnetic helical
pitch. In this extreme limit, we investigate the
transition of the spheromak (qa =0, [;f=0)toa
ULART plasma (qa = 5-20, Iif <Ip ). Itis
observed that a small current at the center
conductor can significantly improve the overall
stability of the formed plasmas by effectively
stabilizing the tilt mode. We identify a threshold
of Itf << Ip with qcy](a) << 1 for global tilt/shift
modes. This initial observation is in agreement
with a global MHD theory.

1. Introduction

Low-aspect-ratio tokamak(LART)
configurations offer possibilities for a cost-
effective, high-performance plasma regime
which could lead to compact volumetric neutron
sources as well as high beta advanced fuel
reactors[1]. They can confine high beta plasmas
with large natural elongation in the first stability
regime. The recent results from START have
shown that their confinement properties are as
good as conventional aspect ratio tokamaks[2].
To extend the parameter range of the low-aspect-
ratio tokamak regime, a new class of 1 MA level
devices is being considered(e.g., NSTX [3]).
Among various low-aspect-ratio tokamak
(LART) regimes, it is important to explore the
ultra low aspect ratio tokamak regime(ULART)
with aspect ratio(A= R/a) less than 1.5, since this
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may afford the highest advantages for MHD
stability and for compact reactor design.

The ULART configuration with A <
1.5, is similar to the spheromak{4,5] in its strong
paramagnetism and magnetic helical pitch. As
the aspect ratio and plasma configuration
approach this extreme limit, the features of the
magnetic well (average minimum B), the shear,
and their effects on the plasma's MHD stability
should deviate from those of standard tokamaks
and the MHD characteristics are expected to
change drastically. Since ULART requires a
substantially smaller toroidal field current (Iyf <<
Ip) than conventional tokamaks (Iif >> Ip), it has
significant reactor advantages over regular
tokamaks. In this paper, we study the global
MHD stability characteristics of ULART by
comparing theoretical results with the
experimental data obtained in the Tokyo
University TS-3 device.

Fig.1 Schematics of NSTX design[3]
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