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Introduction

The main goal of the US stellarator program over the next several decades is develop the level of scientific understanding in concert with attaining sufficiently promising plasma conditions that would justify the step to implementing a fully steady-state, disruption-free, externally-controlled, DT-burning stellarator as the forerunner to a toroidal fusion power plant.  This would be obtained through experiments and modeling performed on existing and new stellarators in tandem with tokamaks (including ITER).
 The US focus on quasi-symmetry is currently unique within the extensive world stellarator program, giving US stellarator research a highly visible role on the international stage. The recent cancellation of the Proof-of-Principle quasi-axisymmetric NCSX stellarator requires reevaluating the near-term priorities and planned activities of the US program plan, but does not downgrade the pursuit of its long-term vision. 

This white paper highlights opportunities for the US fusion program to immediately make use of its available experimental resources and theory & modeling expertise to focus on highly important, far-reaching issues in stellarator research that will enable the US to significantly contribute to the larger international stellarator program despite the loss of NCSX.  The current level of the demonstrated scientific promise of stellarators to steady-state fusion power is so great that the US should not miss an opportunity to continue its full participation in this effort with its own unique contributions and targeted collaborations in crucial areas on international facilities.  The intent here is to list near-term investigations that will position the US program to prepare for re-engaging in PoP/PE-scale stellarator research with greater knowledge, improved capabilities, and reduced technical risk.

Proposed plan
A key innovation of the US stellarator program is the implementation of quasi-symmetry, which leads to improved neoclassical confinement, reduced viscosity, and possibly reduced anomalous transport over conventional helical systems. In the upcoming ITER era, the US will ultimately need to plan to design, construct, and operate a PE-scale quasi-symmetric, moderate aspect-ratio stellarator that will address outstanding issues needing resolution prior to a decision to proceed to DEMO.  To propose a project of this scale, the US program must first make progress in a number of key scientific and technical areas:   
· The US program must continue to explore and validate the benefits of quasi-symmetry on its existing QS experiment, coupled with theory and modeling. 
· A number of key areas of stellarator physics (understanding of highb stellarator plasmas, divertor design and performance, impurity screening in advanced modes, to mention a few) can only be incorporated into the US program in the near future through targeted international collaborations. Such collaborations should be now pursued with a higher priority.  
· The cancellation of NCSX has led to speculation that stellarator coils are too complex to be built to the necessary tolerance. This supposition is false, and is belied by the successful construction of the NCSX coils, and the fabrication and operation of over 25 helical devices since 1970, including the modular-coil W7-AS and HSX stellarators. Nonetheless, there is an increasing need to explore through optimization and experiments on existing devices more practical, and conceivably simpler solutions to achieving desirable 3-D magnetic configurations. Specifically, stellarator coil construction could be simplified if the capability to systematically and robustly trim out islands, post-construction, using trim coils were to be further developed and validated. This general thrust represents an immediate need of the US program.
· The NCSX project cost and its uncertainty have been cited as the reasons for its termination.  It is important to learn from the project records and personnel to what extent such characteristics as compactness, coil design, assembly design, specified tolerance requirements, might or might not have contributed to the reasons for its cancellation.  While some assessments may prove to be subjective, such a process would be useful in restoring confidence of US fusion researchers in the practicality of stellarator systems which, through previous and ongoing work, clearly demonstrate promise for steady-state fusion power production.  
· The US program should continue to investigate the consequences of 3-D shaping of toroidal systems, particularly for the control or elimination of deleterious MHD instabilities, e.g. ELMS and disruptions.

· The US could initiate a graded approach to develop high TC superconducting stellarator coils. Despite the novelty of this technology, discussions with experts have been encouraging with regard to the possibility of their application to stellarators. Initial conceptual efforts looking at fields, loads and geometry should examine its viability, followed by engineering R&D to prototype a model ‘test coil’ for testing and analysis. This approach would minimize risk while identifying a potentially major innovation in the simplification and robustness of steady-state stellarator devices.

Conclusion
The US stellarator program, through both international collaborations, and domestic linkages between national laboratories and universities (where the existing US stellarator experiments are presently operating), can advance the prospect of fusion, and the understanding of toroidal physics, by engaging in the approach outlined above.  Ultimately, the benefits of quasisymmetry combined with other characteristics of stellarator confinement will need to be tested at the PE level to investigate integrated issues and present a viable configuration for consideration as a fusion energy device.  The multiple elements of the near-term effort listed in this document will develop the means and knowledge for the US program to proceed reliably to this next step in its plan.
� The motivation of this goal and the scientific and technical issues related to its pursuit are discussed in the US stellarator community’s input to FESAC’s Toroidal Alternates Panel, which can be found be found at the URL http://fusion.gat.com/tap/community/
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