SLAC-PUB-95-6818

TRANSIENT BEAM LOADING IN THE SLC DAMPING RINGS^∗

M.G. Minty, R.H. Siemann Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA

Abstract

Effects arising from heavy beam loading in the Stanford Linear Collider (SLC) Damping Rings are describ ed. The stabilit y of the rf system and particle beam is studied using a numerical model of the beam cavity interaction with multiple feedback loops. Nonlinearities of the power source are also considered. The effects of beam-induced transien ts and intensit y jitter on the rf system are analyzed and used to determine stabilit y tolerances for both high curren t and low curren t pulses.

I. INTRODUCTION

When a particle beam is injected into or extracted from a circular accelerator, beam-induced electromagnetic fields cause the accelerating cavity voltage to oscillate at the synchrotron frequency. For fast cycling storage rings like the SLC damping rings, the magnitude of these oscillations depends on the time between extraction and injection of beam pulses, the cavity fill time, and on the beam curren t. At the SLC where the single bunch beam curren t was increased by 20% for the recent run, transien t loading occassionally caused rf system and beam instabilities. To better understand the sources of these instabilities, simulations^{1,2} were performed using Matrix_x^3, a program developed for the analysis of dynamic stabilit y. The simulations included a detailed model^2 of the rf system for which a block diagram is shown in Fig. 1.

II. TRANSIENT BEAM LOADING

Large oscillations in the cavity voltages induced by injection of a high curren t beam in the SLC damping rings resulted in substan tial beam losses^4, which were reduced using direct rf feedback^5. Figure 2 shows simulation results with direct rf feedback (open loop gain H = 6) and without. With feedback, the cavity fill time is reduced by 1+ H. The cavity therefore responds quickly to the voltage and phase errors resulting from the absence of beam. Residual oscillations still persist however because the klystron is saturated when the beam is injected.

A second problem during operation was poor regulation of the cavity voltage. Loss of regulation can result from beam-induced transien ts: if the klystron input power is not properly limited, there exist two solutions for the feedback loops. One solution, on the rising edge of the klystron power curve is stable. The other, beyond saturation, is unstable. Simulation results are shown in Fig. 3 (compare

∗ Work supp orted by Departmen t of Energy contract DEA C0376SF00515.