A Coupled-Bunch Ion Instability in the SLC Electron Damping Ring*P. Krejcik,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA

* Work supported by Department of Energy ContractDE-AC03-76SF00515.AbstractUnder abnormally poor vacuum conditions in theelectron damping ring, described in a companion paperat this conference, an emittance blowup was observedrelated to a transverse instability. The instability wasonly observed with two bunches in the ring, and couldnot be seen with single bunch operation, even at thesame total beam current as for the two bunches.Measurements of the transverse Beam TransferFunction indicate strong coupling between the twobunches when ions are present. This is described interms of a simple model where the oscillating ioncloud provides the coupling between the two bunches.The frequency shift due to coupling can also cause theion cloud to become unstable, and disappear, when thebetatron tune of the electron bunch is just below the1/2 integer.1˚INTRODUCTIONAn instability has been observed in the 1.2 GeV SLCelectron damping ring relating to the poor vacuumconditions following an accidental venting andcontamination of the ring. The instability causes alarge amount of emittance blowup, particularly in thevertical plane, which has been addressed in acompanion paper at this conference[1]. Many of theobservations point to a multi-bunch effect rather than asingle bunch emittance growth phenomenon. Thesignature of the instability, the appearance of strongvertical betatron sidebands in the bunch spectrum,persists down to low intensities of 1¥1010 total numberof electrons when two bunches are present. However,single bunch intensities as high as 4¥1010 electrons donot show such sidebands in the bunch spectrum. Theemittance growth of single bunches also clearlydecreases at lower intensities, whereas the emittancegrowth with two bunches is large over a wide range ofoperating currents.One important conclusion from theobservations of the ion effects in the SLC damping ringis that the ions are only able to be captured during abrief interval after injection while the beam is large.Once the beam has damped to small dimensions thecritical mass for an ion to be captured gets quite large.Since we continue to observe ion related emittancegrowth at long store times this implies that the ioncloud that formed after injection has also shrunk intransverse dimension with the beam. If the ion cloudhad not shrunk with the beam those ions would havelarge amplitude oscillations and be lost from the beam.This paper concentrates on the couplingaspect of the instability. Measurement techniques weredeveloped to distinguish the coupling from other beaminstability modes. A simple model is used todemonstrates how the measured transverse beamtransfer function can distinguish between coupled andnon-coupled bunches. The change in the instabilitybehavior with the vertical tune can also be interpretedin light of the coupling mechanism. The tune shift ofthe beam and the shift in frequency of the coherentdipole oscillations of the ion cloud depend upon themodes that are possible in the presence of coupling.Under certain tune conditions the ion cloud is found tobe able to shake free of the beam and the instabilitystops.2˚MEASUREMENT METHODSThe amplitude response of the beam gives someindications of the presence of ions, as described inreference[1]. At CESR the technique has beendeveloped to infer the ion density from the amplituderesponse using a linear model [2]. A completecharacterization of the Beam Transfer Function (BTF)in the presence of ions requires the measurement ofboth phase and amplitude response, as has beenperformed for unbunched beams in the CERNantiproton rings [3]. The output from the networkanalyzer drives a broadband transverse kicker througha 50˚W amplifier, as illustrated in figure 1. A striplinekicker is used so the current measured in the striplineis proportional to the kick received by the beam and isused as the reference signal for the BTF. The beamresponse is measured at another stripline and low-passfiltered to remove the power generated at highfrequencies by the short bunches. The signal to noiseratio is improved by using a low noise pre-amplifier inthe signal path.The network analyzer used on thesemeasurements is a conventional swept frequencyinstrument that acquires the data over several seconds.The beam is stored during this time and has thereforereached its equilibrium emittance. Although data canbe retrieved while the damping ring is cycling throughmany injection and extraction cycles, it is difficult tointerpret because of the varying beam conditions. Thedata presented here is all for stored beams. Plans areunder way to use a synthesized sweep instrument thatcan be gated on during specific intervals of the store.

˙ ˙ ˙˙

˙ ˙ ˙˙ f z z f w w f w f z f

f z z f w w f w f z f

1 1

2 2

1

2

2 2

2 2

2 2

2

2

1 1

0

0

+ +

( )

+ +

( )

+ + =

+ +

( )

+ +

( )

+ + = c n c c c

c n c c c

w w w

2 2 2 = – n c

G s

s s s j

n

n n

( )

=

+ +

=

w

z w w w

2

2 2

2

,

G s G s

s s s s

c n

n n c

c c c

( )

·

( ) =

+ +

·

+ +

w

z w w w

z w w

2

2 2

2

2 2

2 2