A. Question being addressed

The study of charged particles behavior in magnetic and electric fields attracts researchers in connection with the development of technological implementation of devices for plasma heating and trapping as well as of compact accelerators of charged particles. 

In designing such industrial-grade devices and experimental installations researchers need software toolkit including means of dynamic visualization and analysis of obtained results. Simulation tools facilitate understanding of the processes developing in these conditions and give the experimenter ample “what-if” opportunities to achieve the required result. 

Particle simulation methods are widely used in the accelerator design and modeling systems. 

Some researchers visualize simulated particle data (particle rendering) by either viewing the particles directly, or by converting the particles to volumetric data (volume rendering) representing particle density. Each of these techniques has disadvantages. 

Direct particle rendering takes long hours. This makes the interactive exploration of large datasets impossible. Volume rendering can provide interactive framerates, even for PC-based workstations with commercial graphics cards. In this type of rendering, the range covered by the data is evenly divided into voxels, and each voxel value is assigned a density based on the number of points that fall inside of it. This data is then converted into an 8-bit paletted texture and rendered on the screen as a series of closely-spaced parallel texture-mapped planes. Taken together, these planes give the illusion of volume. 

Ideally, a visualization tool would be able to interactively visualize the beam structure of a large simulation at very high resolutions. It would also provide realtime modification of the transfer function, and run on high-end PCs and PC LANs rather than a supercomputer. This tool would be used to quickly browse the data, or to locate regions of interest for further study. These regions could be rendered offline at even higher quality using a parallel supercomputer.

Toolkit approach makes it possible to combine various simulation and visualization codes. 
B. Engineering Goals

Such toolkit must help to simulate the configurations of magnetic fields formed with coils and permanent magnets as well as high-frequency electromagnetic fields. Charged particle motion for these field configurations should be demonstrated and analysed in 3D virtual environments. REF  SHAPE  \* MERGEFORMAT 
D. Conclusions

The toolkit allows

· to create virtual physical devices and perform numerical experiments,

· to modify system parameters, such as the magnetic coils dimensions, positions, current densities, mode of UHF oscillations, UHF electric field intensity, initial particles distribution, 

· to perform diagnostics and study relevant phenomena (particles trajectories, spatial distribution of particles, energy spectrum)

· to insert user add-ins in mathematical and visualization modules as plugins. 

The toolkit environment contains Standard Plugin Pack that allows to perform the following parameterized tasks: 

Applications for the developed toolkit can be found in 

· scientific investigations helping researchers and engineers to design new physical devices and installations

· healthcare industry 

· manufacturing industries

· agriculture
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