SLACÐPUBÐ6548June 1994(A)Operation and Performance of a Longitudinal Damping System Using Parallel DigitalSignal ProcessingJ. D. Fox, H. Hindi, I. Linscott, J. Olsen, G. Oxoby, L. Sapozhnikov, D. TeytelmanStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309A. Drago, M. SerioINFN Laboratori Nazionale, Frascati, ItalyJ. Byrd, J. CorlettLawrence Berkeley Laboratory, Berkeley, CAAbstractA programmable longitudinal feedback system based onfour AT&T 1610 digital signal processors has beendeveloped as a component of the PEP-II R&D program.This Longitudinal Quick Prototype is a proof of concept forthe PEP-II system and implements full speed bunch-by-bunch signal processing for storage rings with bunchspacings of 4 ns. The design implements, via software, ageneral purpose feedback controller which allows thesystem to be operated at several accelerator facilities.The system configuration used for tests at the LBLAdvanced Light Source is described. Open and closed loopresults showing the detection and calculation of feedbacksignals from bunch motion are presented, and the system isshown to damp coupled-bunch instabilities in the ALS. Useof the system for accelerator diagnostics is illustrated viameasurement of injection transients and analysis of openloop bunch motion.INTRODUCTIONThe prototype longitudinal damping system installed atthe Advanced Light Source uses a phase detectiontechnique to process beam signals summed from fourbutton-type pickups. The detection frequency is at the sixthharmonic of the ring rf (6 ´ 500 MHz or 3 GHz), and aperiodic microwave coupler circuit is utilized to generate acoherent tone burst from the pickup signals. The designprocessing bandwidth of the detector is 400 MHz whichallows measurement of each bunch’s synchrotron motion inan independent manner for bunch spacings of 4 ns. Thedetected oscillation signal is digitized at the bunchcrossing rate. A digital signal processing block computesbunch-by-bunch correction signals and applies them to thebeam using a fast D/A, output modulator, power amplifier,and beam kicker [1,2,3,4].The heart of the signal processing is a computationalblock composed of four AT&T 1610 digital signalprocessors. These 16 bit single chip processors are generalpurpose programmable elements, each with 16 K of dualport memory and a 25 ns instruction cycle time for cachedinstructions [5]. The feedback signal computation isimplemented in these processors and specified by aprogrammable filter algorithm [6]. The four processorsallow closed loop control of 40Ð90 bunches in the ALS

*Work supported by Department of Energy contract DEÐAC03Ð76SF00515.depending on filter complexity and downsamplingfactorÊ[7].The output stages of the system comprise a fast eight bitD/A stage running at the 250 MHz beam crossing rate andan output modulator which transfers the baseband D/Asignal into a modulation on a kicker carrier signal. Thekicker signal originates as a carrier at 2.25 times the rffrequency (1125 MHz) and is QPSK (quad phase shift key)modulated at the 500 MHz bucket crossing rate, whichresults in a strong 1 GHz component as well as highersidebands. The QPSK signal is then amplitude modulatedby the output D/A, resulting in a kicker signal which canspan the 1Ð1.25 GHz range of the longitudinal kicker. Thepower amplifier stage is a 500 watt commercial unit. Eachof the four longitudinal kickers is a wideband drift tubestructure comprising two drift tubes and associated delaylines. [8].OPERATION OF THE SYSTEM AT ALSThe quick prototype system was installed at the ALS inSeptember 1993. Initial tests of the system concentrated onopen loop studies of bunch motion and injectiondiagnostics as the kicker power amplifier and kickervacuum structures were not installed until April 1994.A series of closed loop measurements was performedusing the transverse kicker as a weak longitudinal kicker(the high gain longitudinal kicker will be available forcommissioning in July 1994). By driving the transversekicker in a common mode configuration a widebandlongitudinal kick can be generated, albeit at a smallamplitude (roughly 90 volts vs. the 1200 volts of the truelongitudinal kicker). Figure 1 presents a closed looptransfer function of the feedback system acting on a singlebunch. The figure shows the open loop synchrotronresonance, plus responses for the DSP filter acting withboth positive and negative feedback on the beam. The loopgain in these experiments was roughly 15 dBÑthe datashow the damping of the resonance due to negativefeedback as well as the anti-damping (higher Q) of thesystem operated with positive feedback.The weak kicker can be used to control multi-bunchinstabilities though the total ring current that can becontrolled is modest. For the 90 V kick, a ring current of upto 36 mA could be controlled and kept free of synchrotronoscillations as long as the feedback system was on duringthe injection process. In Fig. 2 we see a bunch spectrum