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A COUPLED-BUNCH ION INSTABILITY IN THE SLC ELECTRON DAMPING RING
P. Krejcik, Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA

Abstract This paper concentrates on the coupling aspect of the
instability. Measurement techniques were developed to
Histinguish the coupling from other beam instability

Modes. A simple model is used to demonstrates how the
flasured transverse beam transfer function can distin-
uish between coupled and non-coupled bunches. The

Under abnormally poor vacuum conditions in the electro
damping ring, described in a companion paper at th
conference, an emittance blowup was observed related
a transverse instability. The instability was only observe
W'thltWS burr:ches In_the fing, andhcould not bel sbeen wit ange in the instability behavior with the vertical tune
single bunch operation, even at the same total beam CUL, 7155 pe interpreted in light of the coupling mecha-
rent as for the two bunches. Measurements of the transz . t1o tune shift of the beam and the shift in fre-
between the two bunches when ions are present. Thisdi
described in terms of a simple model where the oscilla&-f
ing ion cloud provides the _couplmg betwe_en the W found to be able to shake free of the beam and the in-
bunches. The frequency shift due to coupling can alsﬁability stops

cause the ion cloud to become unstable, and disappear, '

pend upon the modes that are possible in the presence
coupling. Under certain tune conditions the ion cloud

when the betatron tune of the electron bunch is just below 2 MEASUREMENT METHODS
the 1/2 integer. The amplitude response of the beam gives some indica-
1 INTRODUCTION tions of the presence of ions, as described in reference[1].

. . . t CESR the technique has been developed to infer the
An instability has _been ob_served in the 1.2 GeV SL jon density from the amplitude response using a linear
e_Iectron damp'”g rnng _relatmg to the poor vacuum_cor_wd}hodel [2]. A complete characterization of the Beam
tions foII_owmg an _acudgntal venting and contaminatio ransfer Function (BTF) in the presence of ions requires
of the ring. The instability causes a large amount %he measurement of both phase and amplitude response,

emittance blowup, particularly in the vertical plane s has been performed for unbunched beams in the CERN

which has been addressed in a companion paper at t hﬁiproton rings [3]. The output from the network ana-
conference[1]. Many of the observations point to a mult||- zer drives a broadband transverse kicker through a

bunch effect rather than a single bunch emittance gro W amplifier, as illustrated in figure 1. A stripline
phenomenon. The signature of the instability, the appeaél? ’

f st tical betat idebands. in the b icker is used so the current measured in the stripline is
ance of strong vertical betatron sidebands n 0 € bun oportional to the kick received by the beam and is used
spectrum, persists down to low intensities of i*1éxal

as the reference signal for the BTF. The beam response is
inale bunch intensiti hiah Redot Weasured at another stripline and low-pass filtered to
ever, single bunch ntensities as hign as crons: emove the power generated at high frequencies by the

do not show such sidebands in the bunch specirum. T ffort bunches. The signal to noise ratio is improved by

emittance growth of single bunches also clearly decrea5ﬁ§ng a low noise pre-amplifier in the signal path
X .

at lower intensities, whereas Fhe emittance grovv_th wi The network analyzer used on these measurements is
two bunches is large over a wide range of operating CUL conventional swept frequency instrument that acquires

ren;[)s. . ant lusion f the ob i ?he data over several seconds. The beam is stored during
one important conciusion rom the ODSEIVALONS Ofyis time and has therefore reached its equilibrium emit-
the ion effects in the SLC damping ring is that the ion

v able to b wured duri brief int | ftFance. Although data can be retrieved while the damping
are only able 1o be captured during a briet interval a er'lrng is cycling through many injection and extraction

injection while the beam is large. Once the beam haacgcles, it is difficult to interpret because of the varying

damped to small dlmer_15|ons the <_:r|t|cal mass _for an 19%am conditions. The data presented here is all for stored
to be captured gets quite large. Since we continue to ob-

serve ion related emittance growth at long store times this Network

implies that the ion cloud that formed after injection has Analyzer —

also shrunk in transverse dimension with the beam. If the 0o Signal "Ref"
Out In

50W 20 dB
Amp Low Noise
Pre-Amp

ion cloud had not shrunk with the beam those ions would
have large amplitude oscillations and be lost from thbeeam stipine <}J MS‘”’ boam
beam. -~ %P B -—

current
transducer

; Figure 1: Measurement of the transverse beam transfer func-
Work supported by Department of Energy Contract  tion with a network analyzer driving the beam and measuring
DE-AC03-76SF00515. the response at a stripline monitor.
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Ffi&ure 4: Measured magnitude and phase response for one

i M i h
Figure 2. Measured magnitude and phase responsebunch of 118 electrons at v,

two bunches of 4+1Delectrons each aftv,.

beams. Plans are under way to use a synthesized sweep 4 COUPLED BUNCH MODEL
instrument that can be gated on during specific intervalg a simple model the transverse dipole motion of the
of the store. bunch can be described as an oscillator with natural fre-
3 MEASUREMENT RESULTS quency w, and damplng rati(I_,“. If COUpling is included
) I . etween the two bunches the coupling force is repre-
The first case shown in figure 2 is for two bunches OZented by the coupling frequenayand for completeness

0 o Lo
4+10° electrons each, which is close to the nominal mtenci damping ratic, for the coupling is also included. The

sity for SLC operation. The amplitude and phase reSpongguations of motion for the phases of bunchsl,and
do not show a single resonance response as might be Ednch 2.4, are w
1o

pected. The phase does not make a net change as it passes . s 2 ) .

through the resonance, but returns close to its starting h- (ol 0F + 0B+ 0l g =0 (1)
value. The tune spread in the electron beam can be de- ég+(C+Cc)¢32+(6)§+w§)ﬁz+w§¢1+§c¢1=0

duced from the width of the amplitude response. The coupled bunch motion has two modes, an 0-mode

The second case in figure 3 is for a single bunch witfh=0) and ar-mode (n=1) where the two bunches are in
the same bunch charge as in the previous example. Tfigase or out of phase respectively. The frequency of
tune spread in the amplitude response is comparable tifese two modes is given by
both cases. However, a large difference is seen in the 2 2, 2

. W =wn twc (2)
phase response between the single and two bunch cases.
The phase makes a net change as the frequency is swépere then-mode is shifted up in frequency due to cou-
through the resonance in the single bunch case. pling. Note that this amounts to an additional tune shift

The third case in figure 4 is again for a single bunchbove that already caused by the focusing effect of the
but at a reduced intensity of 1¢i@lectrons. The tune ions on a single bunch.
spread seen in the amplitude response is reduced, but theEquation (1) represents a fourth-order system from
phase response shows the same behavior as for highWiich the transfer function can be deduced. The ampli-

tensities, with a net phase change across the resonancetude and phase response versus frequency (Bode plot) is
shown in figure 5 for this system. The frequency scale is

normalized so that the natural frequenrgy1l in the plot.

g H20ab The characteristic behavior of the coupled system is that
30 000dkg .
N the frequency sweeps through two resonances, with the
N phase increasing at the first resonance and then decreas-
. ] \‘“w\._ . ing to the starting value as the second resonance is
I j T passed.
A W‘LNW The modeled behavior of the fourth-order system re-
\ sembles very closely the measured response of the two
. — — bunch system in figure 2. Note also that the measured two
et 4 3 bunch response was at a sideband of an odd revolution
™, harmonic, corresponding to a n=1 mode for the bunch
\T\ oscillation.
CENTERD 3 4,000 000Hz - SPAN 200 000.000Hz As a comparison, a similar frequency analysis is
Figure 3: Measured magnitude and phase response Sagpwn for the single bunch case. The simple oscillator for
one bunch of 4+19electrons at fv.. a single bunch is a second-order system whose transfer
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Figure 5: The predicted magnitude and phase respongegure 6: The predicted magnitude and phase response

10’

for a 4th-order coupled oscillator model. for a 2nd-order single oscillator model.
function may be simply written using control systenmeasurement system only detects the position of the
formalism as electron bunches and not the ion cloud. However, it is
w? . useful to note that there are three oscillation modes pres-
G(9 = s=]jo (3)  ent, n=0, 1 and 2. In the n=0 mode the three bunches are

2 27
S+ LS+, in phase, but in the n=1 and n=2 modes the two electron

The transfer function has the well-known frequencyunches are out of phase and the ion cloud is in phase
response of a second-order system, shown in figure @ith either one bunch or the other. Since the ion cloud is
Comparing with the measured single bunch response dfways out of phase with one bunch its frequency is al-
figures 3 and 4 one can see a similar net phase changsys shifted upward according to equation (2).
across the resonance. The expected frequency shift of the ions can account

The control system formalism is a useful tool forfor some of the tune behavior seen with the beam. It has
analyzing the coupling since it is evident that the couplegeen observed that operating with the vertical tune just
oscillators can be modeled as two sequential transformigelow the 1/2 integer resonance cures some of the emit-
tions of the type in equation (3). The first transformationance growth problems due to the instability. If the ion
corresponds to the single bunch response and the secefslid dipole mode frequency is shifted upward by the
to the coupling term, so that the complete transfer fungoupling the ions will be sitting in closer proximity to the
tion can be written as 1/2 integer resonance and their amplitude may grow until

a)ﬁ a)cz they are expelled from the beam. The sudden tune jumps
G(9)x G(s) = 2 2% 72 2 ) observed under these conditions might also be due to
S"+2ws+o, ST +20.05+ 0, i . . .
) ; A changes in the dipole modes as the ion density changes.
which represents the 4th-order system in equation (1). Only the coherent dipole motion of the electron
5 |ON CLOUD BEHAVIOR bunches have been considered so far. Transverse quad-

The modeling above supports the existence of couplifyPCles can also be driven by the coupling in the ion
between the bunches. It is further concluded that the cotlPace charge, but can remain hidden from normal dipole
pling is due to ions, since the effect was not seen befoPdKUPS. as was the case with the antiproton beams in

the vacuum contamination occurred and the coupling [§Terences [3,5].
also not seen in the SLC positron damping ring where no 6 REFERENCES
ion trapping occurs. In the introduction it was noted that
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the phases,, ¢, and ¢,. This is of limited use since the
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