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Abstract.  QPS is a very-low-aspect-ratio quasi-poloidally-symmetric stellarator with <R> = 0.9 m,
<a> = 0.33 m, <Baxis> = 1 T for a 1-s pulse, and Pheating = 1-3 MW.  Quasi-poloidal symmetry leads
locally to small B x grad B particle drifts out of a flux surface over most of the plasma cross section,
minimum flow damping in the direction of Er x B, trapped particles localized in low curvature regions,
and properties that improve with increasing β.  The paper describes the confinement and MHD
stability properties, the engineering design, and the status and plans for the QPS experiment.

I.  MAGNETIC CONFIGURATION

A quasi-poloidal stellarator with very low plasma aspect ratio (<R>/<a> ~ 2.7, 1/2-1/4 that of
existing stellarators) is a new magnetic confinement approach that could ultimately lead to a high-
beta (<β> = 7-15%) disruption-free compact stellarator reactor.  Here <R> and <a> are the
average major and minor radii of the non-circular and non-axisymmetric plasma.  An experiment,
the Quasi-Poloidal Stellarator (QPS) [1] shown in Fig. 1, is being developed to test key features   

Fig. 1.  Top (left) and side (above) views of the
  QPS plasma and the modular coils that
  create it.  The colors indicate contours of
 |B| in T on the last closed flux surface.
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*  Trapped particles are localized in low curvature regions; this should improve stability to
dissipative trapped electron modes.

*  Properties improve with increasing β: access to a second stability region, omnigeneity, and
thermal and fast ion confinement.  The configuration becomes relatively insensitive to
increasing β and the bootstrap current becomes nearly independent of β at higher β.

II.  TRANSPORT AND STABILITY

A measure of the reduction in neoclassical
transport is shown in Fig. 4.  For Er = 0 in the
low-collisionality limit, the neoclassical ripple-
induced heat diffusivity is proportional to
εeff3/2 where εeff is the effective ripple in a
single helicity 1/ν transport model that gives
the same transport as a full 3-D calculation in
this limit.  QPS has similar transport to that in
the W 7-X configuration, but at 1/4 the plasma
aspect ratio.  Reducing εeff3/2 further in QPS
would not be effective since the implied energy
confinement time due to purely neoclassical
losses would greatly exceed the ISS-95
stellarator scaling, and other losses would
likely be dominant.  The degree of quasi-
poloidal symmetry and the reduction in
neoclassical transport increase as β (and the
plasma current) increases.  The high degree of
quasi-poloidal symmetry and the reduced
effective field ripple may also reduce the poloi-
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Fig. 4.  Coefficient of thermal diffusivity in the
   1/ν regime for different stellarators (gb4
   and gb5 are earlier versions of QPS).

dal viscosity, enhancing the naturally occurring E x B poloidal drifts and allowing larger poloidal
flows for possible shear damping reduction of anomalous transport.

While the QPS experiment is designed to study regimes in which either anomalous transport or
neoclassical transport is dominant, it can also test stability limits, the configuration dependence of
the bootstrap current, and equilibrium robustness at <β> ~ 2.5%.  The QPS magnetic
configuration is relatively insensitive to increasing β, similar to that for W 7-X.  However, a self-
consistent bootstrap current is incorporated in the QPS configuration optimization.  The plasma
is Mercier stable for <β> ~ 2.5%, although experiment and recent theory indicate that this is not a
limit.  Infinite-n ballooning modes are also stable up to <β> > 2%, as shown in Fig. 5 (a) for an
earlier QPS configuration.  The plasma current required for equilibrium in these free-boundary
calculations is consistent with the bootstrap current, as shown in Fig. 5(b).  Infinite-n ballooning
modes are unstable for <β> = 2.5-5.5%, but stable for higher β (second stability region).  Kink
and vertical modes are stable at <β> ~5% without feedback or close conducting walls.  The
stellarator rotational transform and bootstrap current should suppress magnetic islands and
neoclassical tearing modes.


