Stellarator Numerical Simulation Initiative
A performance-extension class stellarator is currently operating in Japan (LHD) and another is under construction in Europe (W7X).  A major initiative to develop a predictive numerical simulation capability for stellarators, in combination with a strong experimental collaboration program, would allow the US to nevertheless play a prominent role in the international stellarator program, and would help the US fusion program to derive benefit from the large stellarator facilities. The similarity in physics between the stellarator and the tokamak would allow a stellarator simulation effort to leverage off the tokamak numerical simulation program, and would also provide an opportunity to validate tokamak physics models against intrinsically 3D plasma configurations.
There is a growing effort in the US under the SCIDAC program to develop a predictive capability for tokamak plasmas, and it would be advantageous to extend this effort to include stellarators.  This capability would clearly be helpful for analyzing stellarator experimental data and for planning experimental campaigns.  If the results from ITER and from the large stellarator experiments indicate the desirability of incorporating stellarator features in future large scale fusion facilities, a predictive simulation capability will be critical for credible extrapolation to next step devices.

Several major US  tokamak codes already have the ability to handle stellarators, including the M3D extended MHD code, the GS2 gyrokinetic flux tube code, and the AORSA full-wave code for ICRF simulation.  Other major tokamak codes, such as global gyrokinetic codes, could be modified to handle stellarators with a modest effort.  Additionally, several stellarator codes that are widely used internationally have been developed in the US, such as the VMEC and PIES 3D equilibrium codes, and the DKES neoclassical transport code.  The STELLGAP and AE3D codes for stellarator Alfven eigenmodes have been developed in the US. There is a need to also develop a generalization of the 1½ D time-dependent tokamak transport codes which are routinely used in tokamaks for data analysis etc., to handle fully 3D geometry, including magnetic islands.  Such a code would have immediate application to stellarators, and would also be useful for tokamak plasmas with magnetic islands.  Integrated modeling can be addressed for stellarators, as in the tokamak context, by coupling codes, taking advantage of the frameworks already being developed for tokamak codes under the auspices of the proto-FSP projects.

A project to develop a numerical simulation capability will clearly be useful only to the extent that it is adequately validated against stellarator experiments, and it is not a substitute for an adequate set of experimental facilities.  At the same time, experiments alone will not suffice, and will only provide an adequate predictive capability in the context of an aggressive program of code development.  A predictive simulation capability for stellarators will help in understanding the circumstances under which disruptions can be avoided by 3D shaping.  It will address the 3D stabilization of ELMs.  It will help to improve our understanding of neoclassical effects on magnetic islands, including the conditions for triggering and for controlling neoclassical tearing modes.  It will be applied to design scenarios in which rotational transform generated by nonaxisymmetric coils is used as an aid to produce stable steady-state plasmas with acceptable levels of recirculating power.  An improved predictive capability will feed into computational tools for stellarator optimization, an area where the US is already a recognized leader.  Of particular interest will be the application of optimization tools to design simpler coils which preserve the desired physics properties of stellarators.
The expense and complexity of large fusion experiments dictate that we work aggressively towards developing a predictive numerical simulation capability for these experiments. The US has an opportunity to be among the world leaders in the development of a computational capability for predictive simulation of stellarators.  The capability will be of particular importance if the data from ITER and from contemporary stellarator experiments suggest that it would be beneficial to introduce at least some degree of three-dimensional shaping into the design of toroidal magnetic confinement devices following ITER.
