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The coherent electron cooling is a novel hadron beam cooling technique that is being
developed at Brookhaven National Laboratory. It is a realization of the stochastic
cooling, in which an electron beam is used in the modulator, amplifier and kicker. In the
modulator, hadrons create electron density perturbations. Then these perturbations are
amplified in the free electron laser, while hadrons pass through dispersion section, where
they are placed such that, in the kicker, amplified perturbations' electric fields accelerate
or decelerate hadrons, depending on their velocities, cooling the beam. In the present
dissertation, we describe ways to model the modulator and amplifier sections of the
coherent electron cooling. The electron beam can be modeled as infinite plasma and in
this model even analytical solutions can be obtained for the density perturbations.
Obviously, infinite electron plasma is unrealistic model of an electron beam in
accelerator. The main result of the dissertation is a method to compute dynamics of
shielding of a moving charged particle (hadron) in confined plasma, which represents a
realistic model of an electron beam. This is a longstanding problem in plasma physics
with applications ranging from cosmology to advanced particle accelerator techniques.
However, only solutions for infinite unrealistic plasma are available. We developed a
novel method to solve this problem, which consists of transformation of the VlasovPoisson differential equations to an integral equation for the Laplace image of the
electron density perturbation created by an external charge. The integral equation is then
solved numerically via the piecewise polynomial collocation method and the fast Fourier
transform. Thorough analysis of the results obtained and their physical interpretation is
presented.
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