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OVERVIEW OF THEORY AND SIMULATIONS IN THE HIFS-VNL* 

Alex Friedman, LLNL, for the Heavy Ion Fusion Science Virtual National Laboratory 

Progress on the use of intense ion beams as drivers for studies of matter at extreme conditions, and 
ultimately for electricity production, depends upon coordinated application of experiments, theory, and 
simulations. This talk summarizes recent advances in model development and application. Other talks at 
this Symposium expand on aspects of the work presented here. 
Adaptive mesh refinement (AMR): Further development of WARP’s AMR - particle-in-cell (PIC) 
simulation capabilities has led to a mature capability that is used routinely in both 3-D and axisymmetric 
(r,z) geometries. This has led to large speedups and affordable numerically-converged results.  
Electron cloud and gas physics: A comprehensive set of models governing the interaction of positively-
charged beams with stray electron “clouds” (e-clouds) and gas was developed and implemented in 
WARP. Secondary electron emission from walls, charge exchange, neutral emission, and other processes 
are included. A method was developed for calculation of the charge-changing cross sections of ions or 
atoms by fast ions The TxPhysics package (Tech-X Corp.) encapsulates several important plasma-wall 
interaction physics effects. These models were applied to study electron accumulation and its impacts on 
ion beams, and compare well with experiments. 
Large time-step particle advance: For self-consistent simulations including electron motion, a “mover” 
that interpolates between full particle dynamics and drift motion was developed. It enables time-steps 
much larger than the electron gyro-period, reducing run times dramatically. 
Code optimization: Improved algorithms were developed for use in LSP (Voss Scientific) for implicit 
solution of the electromagnetic field equations. BEST was optimized for massively parallel computers 
and applied to collective effects of 3D bunched beams and the temperature-anisotropy instability. 
Improved beam initializations were added to WARP, in collaboration with a Japanese colleague. 
Neutralized drift compression and focusing: Simulations using LSP provided essential guidance to the 
NDCX experiments. A carefully developed “tilt” waveform yielded sixty-fold compression, in excellent 
agreement with predictions. Further optimization simulations are underway, including studies of 
combined longitudinal and transverse focusing. Models describing plasma neutralization and longitudinal 
compression were developed. Analytic models for the detailed fields of solenoids were derived. Studies 
of time-dependent focusing to correct for energy “tilt” were carried out.  
Beam transport limits, and instabilities: Recent extensive particle-in-cell simulations and core-particle 
models have clarified the parametric dependence of the space-charge limit and identified the processes 
responsible. Studies of Harris-like and Weibel-like modes employed both analysis and simulation. 
Advanced injectors and novel accelerating systems: Simulations provided essential guidance to the 
merging-beamlet experiments on the STS facility. Circuit based models of the pulse-line ion accelerator 
were developed, implemented in WARP, and used to understand beam capture and acceleration; an 
improved model was formulated. 
Warm Dense Matter modeling: We have begun using a state-of-the-art hydrodynamics code, HYDRA, 
for simulations of ion-heated target behavior in the warm dense matter (WDM) regime; simulations show 
that Bragg-peak heating can lead to uniform conditions. Other work is developing improved models for 
the equation of state and other characteristics of WDM. 
Other experiments: WARP was used to aid interpretation of experiments on the Paul Trap Simulator 
Experiment, and the University of Maryland Electron Ring.  
* This work was performed under the auspices of the U.S Department of Energy by the University of 
California, Lawrence Livermore and Lawrence Berkeley National Laboratories under Contract Nos. 
W-7405-Eng-48 and DE-AC03-76SF00098, and by the Princeton Plasma Physics Laboratory under 
Contract No. DE-AC02-76CH03073. 




