SLAC–PUB–8778 February, 2000

Existence and Properties of an Equilibrium State with Beam-Beam Collisions^�

James A. Ellison Department of Mathematics and Statistics, University of New Mexico Albuquerque, New Mexico 87131 E-mail: ellison@math.unm.edu

Robert L. Warnock Stanford Linear Accelerator Center, Stanford University Stanford, California 94309 E-mail: warnock@slac.stanford.edu

Abstract

The equilbrium phase distribution of stored colliding electron beams is studied from the viewpoint of Vlasov-Fokker-Planck (VFP) theory. Numerical integration of the VFP system in one degree of freedom revealed a nearly Gaussian equilibrium with non-diagonal covariance matrix. This result is reproduced approximately in an analytic theory based on linearization of the beam-beam force. Analysis of an integral equation for the equilbrium distribution, without linearization, establishes the existence of a unique equilbrium at sufficiently small current. The role of damping and quantum noise is clarified through a new representation of the propagator of the linear Fokker-Planck equation with harmonic force.

Presented at the 18th Advanced ICFA Beam Dynamics Workshop on Quantum Aspects of Beam Physics, Capri, Italy, Ocotber 15-20, 2000 To appear in proceedings published by World Scientific, Singapore.

�Work supported in part by Department of Energy contracts DE-FG03-99ER41104 and DE-AC03- 76SF00515.