SLAC-PUB-95-6894_____________________* Work supported by the Department of Energy, contract DE-AC03-76SF00515.High-Intensity Single Bunch Instability Behavior In The New SLC Damping RingVacuum Chamber*K. Bane, J. Bowers, A. Chao, T. Chen, F. J. Decker, R. L. Holtzapple, P. Krejcik, T. Limberg, A. Lisin,B. McKee, M. G. Minty, C.-K. Ng, M. Pietryka, B. Podobedov, A. Rackelmann, C. Rago,T. Raubenheimer, M. C. Ross, R. H. Siemann, C. Simopoulos, W. Spence, J. Spencer, R. Stege, F. Tian,J. Turner, J. Weinberg, D. Whittum, D. Wright, F. ZimmermannStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USANew low-impedance vacuum chambers were installed inthe SLC damping rings for the 1994 run after finding a singlebunch instability with the old chamber. Although thethreshold is lower with the new vacuum chamber, theinstability is less severe, and we are now routinely operatingat intensities of 4.5·1010 particles per bunch (ppb)compared to 3·1010 ppb in 1993. The vacuum chamberupgrade is described, and measurements of the bunch length,energy spread, and frequency and time domain signatures ofthe instability are presented.I. VACUUM CHAMBER UPGRADEThe old vacuum chamber is described in Ref. 1.Although there are resistive elements such as the RF cavitiesand complex, hard to characterize elements such as septa, thecalculated impedance was predominantly inductive with thecontributions of different elements given in Table 1.Table 1. Vacuum Chamber Inductance (nH)ElementOldChamber�NewChamber*

Synch. Radiation Masks9.5----

Bellows----1.1

Quadrupole to DipoleChamber Transitions9.32.4

Ion Pump Slots0.20.05

Kicker Magnet Bellows4.1----

Flex Joints3.6----

Beam Position Monitors3.50.2

Other2.42.4

TOTAL336

� From ref 1. Bellows included in Table 1 of [1] wereshielded in a previous upgrade. Changes to that table fromrecent calculations are included here.* Many of the impedance calculations are in ref 2.The synchrotron radiation masks and flex joints wereassociated with chamber flexibility. The masks protectedbellows at one end of each four-foot long chamber section,and the flex joints added flexibility to the middle of eachsection. Flexibility was needed to compensate for limitedprecision in the adjustment of magnet positions andvariations in chamber geometry during fabrication. Part ofthe upgrade was installation of new magnet and vacuumchamber mounts capable of being surveyed and positioned to–100 mm. In addition, the chambers were assembled in eightfoot sections in a precision fixture that positioned parts priorto welding and provided a jig for minor adjustments afterwelding. By using these techniques flex joints becameunnecessary and the number of bellows could be reduced bya factor of two. Synchrotron radiation masking wasincorporated into the bellows RF shield, so the net change inthe inductance from bellows and flex joints was from 13.1nH to 1.1 nH.The vacuum chamber profile must be rectangular in thedipoles for maximum damping and circular in thequadrupoles for adequate aperture. Modern materials andmachining techniques allowed these transitions to be madeover 5 cm versus 6 mm in the old chamber. Glidcop3 waschosen for the combination of strength and thermalconductivity needed to conduct away heat from synchrotronradiation. The transition was made smoothly byelectrodischarge machining a continuous change from acircular to a rectangular profile over the length of thetransition.Other changes were the redesign of the beam positionmonitors and the slots between the beam and distributed ionpump chambers. The beam position monitors were made atthe same radius as the beam pipe itself instead of beingrecessed. The pump slots were made narrower and deeper tocut-off higher frequency fields, and several slots were usedinstead of one to maintain the pumping speed. The pumpslot impedance is strongly frequency dependent, and thischange is important even though it does not appear so inTable 1. Finally, the bellows at the ends of the ceramicbeam pipes for the injection and extraction kicker magnetswere shielded.All of these changes were made to fit within themechanical constraints of existing magnets and other beamline hardware.II. INSTABILITY PROPERTIESA damping ring instability limited the SLC beam to3 · 1 0 10 p p b with the old vacuum chamber. Thecharacteristics of that instability were: i) threshold I »3·1010 ppb, ii) signals at about three times the synchrotronfrequency, fs, indicating a predominantly sextupole structurein phase space, and iii) transient behavior with the instabilityamplitude building up in several synchrotron periods and then relaxing with roughly the radiation damping time.4Based on simulations it was expected that the threshold withthe new vacuum chamber would be 5 - 6·1010 ppb.However, the threshold was reduced to 1.5 - 2·1010 ppb, butwith the redeeming feature that the consequences for theSLC were less dramatic. Towards the end of the 1994 - 1995run we were running with bunches of up to 4.5·1010 ppb inthe damping rings and colliding beams of up to 3.8·1010ppb. The SLC intensity limit was not due to the dampingring instability, and there was at best marginal evidence of acorrelation between the instability and linac performance.Details of the instability follow.The energy spread was measured with a wire scanner ina dispersive region of the extraction line. It should beconstant below the instability threshold which based on thedata in Fig. 1 is between 1.5 and 2.0·1010 ppb for anaccelerating voltage VRF = 945 kV.

-150 -140 -130 -120

Signal Strength (dB)

8 6 4 2 0 Time (ms)

f =15 GHz

BW = 51 kHz

-110 -100 -90 -80 -70

Signal Strength (dB)

8 6 4 2 0 Time (ms)

f = 23 GHz

BW = 30 kHz -20

-10

0

Signal Strength (dB)

860 840 820 800 V^{RF} (kV)