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This document is the Final Technical Report for DOE cooperative agreement DE-
FC02-08ER54971, titled "Center for Extended Magnetohydrodynamic Modeling"
(CEMM). Scott E. Parker was the University of Colorado Principal Investigator
(PI) on this cooperative agreement. The PI of CEMM is Steve Jardin, Princeton
Plasma Physics Laboratory. This report covers the period between 8/15/2004 -
8/14/2007. The grant supports a Physics Department Ph.D. student. We are
developing kinetic ion models for the simulation of extended MHD phenomena.
The model we have developed uses full Lorentz force ions, and either drift-kinetic
or gyro-kinetic electrons. Quasi-neutrality is assumed and the displacement
current is neglected. We are also studying alpha particle driven Toroidal Alfven
Eigenmodes (TAE) in the GEM gyrokinetic code [Chen 07].

The basic kinetic ion MHD model was recently reported in an invited talk given by
Dan Barnes at the 2007 American Physical Society - Division of Plasma Physics
(APS-DPP) and it has been published [Jones 04, Barnes 08]. The model uses an
Ohm's law that includes the Hall term, pressure term and the electron inertia [Jones
04]. These results focused on the ion physics and assumed an isothermal electron
closure. It is found in conventional gyrokinetic turbulence simulations that the
timestep cannot be made much greater than the ion cyclotron period. However, the
kinetic ion MHD model has the compressional mode, which further limits the
timestep. We have developed an implicit scheme to avoid this timestep constraint.
We have also added drift kinetic electrons. This model has been benchmarked
linearly. Waves investigated where shear and compressional Alfven, whistler, ion
acoustic, and drift waves, including the kinetic damping rates. This work is
ongoing and was first reported at the 2008 Sherwood Fusion Theory Conference
[Chen 08] and we are working on a publication. We have also formulated an
integrated gyrokinetic electron model, which is of interest for studying electron
gradient instabilities and weak guide-field magnetic reconnection.

Additionally, we have been investigating alpha particle driven TAEs with the
GEM code as part of "Center for the Study of Energetic Particle Physics," with G.
Fu, Princeton Plasma Physics Laboratory as the PI. This work is a continuation of
our contributions to energetic particle physics as part of CEMM where we
implemented energetic particles in NIMROD. We have successfully observed
TAEs in GEM. We observe the correct linear growth rates of the TAEs and have
been investigating the effect of core ion kinetic damping. This work is part of
Ph.D. Physics Student Jianying Lang's Ph.D. thesis and will be reported in a future



publication. She also reported this work as part of an oral talk at the Sherwood
Fusion Theory Conference [Lang 08].
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