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Abstract: Collective excitations and instabilities due to space charge are

self-consistently simulated using the nonlinear perturbative particle

simulation method (delta-f method). Even though it is a perturbative

approach, the delta-f method is fully nonlinear and simulates completely the

original nonlinear Vlasov-Maxwell equations. Compared with conventional

particle-in-cell simulations, the noise level in delta-f simulations is

significantly reduced. Implementation of the 3D multispecies nonlinear

delta-f simulation method is embodied in the beam equilibrium, stability,

and transport (BEST) code. Families of collective excitations, such as

the surface modes and the body modes, have been simulated with high

resolutions. Simulations of the electron-proton two-stream instability and

the pressure anisotropy instability have also been carried out.  Detailed

properties, such as the growth rates, the thresholds, and the long-term

nonlinear evolutions of the instabilities have been studied numerically.

