ION EFFECTS IN THE SLC ELECTRON DAMPING RING*P. Krejcik, D. Pritzkau, T. Raubenheimer, M. Ross, F. Zimmermann,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA

* Work supported by Department of Energy ContractDE-AC03-76SF00515.AbstractWe report on the ion-related beam behavior in theelectron damping ring during unusually poor vacuumconditions in the weeks that followed a catastrophickicker chamber failure that contaminated the ringvacuum system. The vacuum gradually improved overseveral months of beam operation, during which timethe vertical emittance remained blown up by a factorof 2. The emittance blowup was accompanied by atransverse instability that produced jitter in theextracted beam size. Both the characteristic spectrumof self-excited betatron sidebands and the emittanceblowup exhibited a threshold behavior with beamcurrent and vacuum pressure. This behavior dependedstrongly on the betatron tune and it was found that theion effects could be minimized by operating just belowthe 1/2 integer resonance.1 INTRODUCTIONThe SLC damping rings damp 1.19 GeV beams ofeither electrons or positrons at a 120 Hz repetition ratewith transverse damping times of approximately 3.5ms. Under normal operating conditions the extractedbeams have a 3¥10-5 m normalized horizontalemittance by 0.2¥10-5 m normalized vertical emittance.The high-voltage kicker magnets for injection andextraction of the beam use ceramic vacuum chambersto allow for fast, pulsed operation. In the electron ringone such ceramic chamber fractured as a result ofarcing around the chamber and combustion productsfrom magnet insulation were drawn into the vacuumsystem as it vented to atmosphere.In order to proceed with the SLC operation a s quickly as possible no general cleaning of the vacuumsystem was done, apart from replacing vacuumchambers in the proximity of the failed magnet. To aidin the lengthy beam processing of the vacuum systemthat followed, several additional pumps were added tothe system, bearing in mind that the ring was alreadyclosely packed with components.Even after the ring vacuum reachedacceptable pressure to operate at full current and at thefull repetition rate, it was found that the emittance hadincreased considerably, especially in the vertical planeand that the extracted beam size fluctuated wildlyfrom pulse to pulse. The exact nature of the beamdegradation depended on an interrelation between suchfactors as beam intensity, number of bunches, tune andcoupling parameters, duty cycle and recovery fromtrips in the machine protection interlocks.2˚˚EMITTANCE AND BEAM LIFETIMEThe extracted beam can be profiled on a wire scannerand figure 1 shows the vertical beam profiles in thecases of one and two bunches in the ring. Theintensity per bunch is 3.5¥1010 electrons in each casebut the vertical beam size increases from 60 mm forone bunch to 200 mm and very non-Gaussian for twobunches. This is to be compared to the 40 mm beamsizes that were obtained under good vacuumconditions, independent of the number of bunches. The poor vacuum also reduced the beam lifetimeto around 150 s, and had some dependency on the totalbeam current, but not on the number of bunches.The ion densities that are reached in the ring canbe calculated from an ionization rate

˙ l ion p » · 4 10

100 11^{m s nTorr}

–1 –1

(1)taking carbon monoxide as a typical species with a2˚mbarn cross section. If full neutralization were tooccur a line density of lneut»1.6¥109 m —1 would b e a c h i e v e d after about 6 ms store t i m e at a pressurep=10-7 Torr. However, doubly i o n i z e d ions, whoseproduction cross s e c t i o n is about the s a m e as forsingly i o n i z e d , are lost from the b e a m so t h e A

N Cr Q

n

crit tot p

b y x y

=

+

2

2s s s ( )

f c

N r

C A

x y tot p

x y x y

,

,

=

+ ( )

�

Ł

� �

�

ł

� � 2

2

1 2

p n

s s s

D n b l

g p s s s

x y p x y ion

x y x y

r CQ

,

,

,

=

+ ( )

2