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Abstract bunches. As an example in ticase of Strains of 2

bunches having 28 ns spacing the bunches within a
A longitudinal coupled bunch instability hasbeen train have beembserved tooscillate nearly 180 degrees
observed in the operation of CESR with multiple trains ajut of phase with respect tmachother, while in thecase
bunches. The instabilityhreshold isdependent on the of a 42 nsspacing between bunches the phdiference
number of bunches per trairand the spacingbetween betweenthe bunches in the same train igarer to
those bunches. The threshold #@so sensitive to 45 degrees. Theapid variation of the phase of the
parameters inhe RF systemeading tothe conclusion longitudinal oscillation between bunches in the same train
that the RF cavities play a significant role in thes indicative of a high frequency mode or modes in one or
dynamics. A summary of these observationpresented more structures within the storage ring as being
along with thedesignandstatus of deedbacksystem to responsible.

stabilize the beams. The threshold current fahe onset of the instability
is a function of the number of bunches within a train and
1 OBSERVATIONS the spacingbetweenthe bunches within the train. In

CESR thestandardfilling patterns allow thebunches
CESR hasheen operating as an electron-positfuigh  within each train to be spaced in increments of 14 ns with
energy physics collider using trains of bunchesince up to 5 bunches permitted per train. Figures 1 through 3,
February of 1995 [1]. Operating with nine trains of twaespectively, show the instability threshold for ttoal
bunches as the beam curreitsreased toabove230 to stored current vs. bunch spacing for 9 trains of 2n8 4
250 mA in both beams, eduction ofthe filling rate of bunches per train for beams of positrons aland for
the counter-rotating electron beam was first noticed as wasams of both positronand electrons in thestandard
an associated reduction ¢iie vertical beam-beam tunehorizontal electrostatically separated closed orbits
shift parameter duringcollisions. These effectswere (Pretzels) with a 2.4 mr half crossing angle at the
traced to the growth of a self-limiting longitudinal couplednteraction region. (N.B.. measurements with teeams
bunch dipole oscillation whiclincreasedthe horizontal and four bunches per train have not eenmade and in
aperture required by the injected electrons and which caussttiitionthe configuration of 9 trains of 1 bunch is not
the collision point of the bunches to oscillate about thengitudinally unstable.) The threshold current plotted in
minimum vertical beta point. The colliding bearartical Figures 1 through 3 is the highdkteshold current that
tune shiftparameter continued to decline ab®&0 mA has beemmeasuredor eachset of bunch spacings;over
total current inboth beamsandthe oscillationamplitude long periods of time it has been observedthat this
grew to be approximately a one sigm@ergyoscillation threshold can varydownward by asmuch as 10-15%.
at 300 mA totalcurrent inboth beams. This instability From Figures 1 through 3 we see that there is more than a
was alsoobservedwith either positron oelectron beams factor of two variation in the easuredhreshold currents
separately; the following observatiomeported in this for all the differentbunch spacings within the nine trains
paper have beemmade with nine trains of equally and in some cases the threshold current more dbahles

populated bunches. when the electron beam istored indicating some
Above the instability threshold, observations of theancellation of the RF fields with counter-rotating beams.
frequencyspectrum of a beam position monit@BPM) In addition to the instability current threshold

showedthe rapid growth of synchrotrorsidebands of the depending orthe numberandspacing of bunches, it has
rotation harmonics. Since the spactweentrains of beenobservedthat there is aslight dependence on the
bunches in CESR in nine train patterns is not uniformamplitude of the Pretzel whiakxtends aroundhe entire
but has athree-fold symmetry, the amplitude of circumference of CESR. After further investigation using
synchrotron lines above threshold tends to exhiliiiree- horizontal bumps in CESR it haseen observedthat
fold periodicity atlow frequencies andlso atfrequencies those bumps whicldisplacethe beam within the 500
near one divided by twice the bunch-to-bunch time spaciddHz RF cavities are the major contributors to
within the train. Thespecific spectral lines whichave instability's dependence oRretzel amplitude. For some
amplitudes that grow mogstpidly abovethe instability bunch train patterns it was observed that changing the RF
thresholddepend orthe number of bunches per train anctavity temperatures by a fedegrees C orchanging the
the spacing of the bunches within the train. For a feRF tuning angles on therder of 20 to 40 degrees can
bunch train patterns with positrons alone investigationsake veryslight differences inthe current threshold.
were madeusing a BPM signalgated for individual Observations of beamduced RFsignals onfield probes
bunches and comparing the relative phasesaoh of the in 16 of the 20 cells show the presence déw modes in
eachcell in thefrequencyrange of1.8 to 3 GHz which
have Q's in excess of 10,000. Modes with these high Q's

*  Work supported ly the National Science Foundation. have dampingimes for the RFfields which are 3 to 6

0-7803-4376-X/98/$10.00 [J 1998 IEEE 2317



times the  spacing between trains, easily the present longitudinal dipopupledbunchinstability.
permitting thewakefields tocouple the motion of one Additional measurements indicatehat the current
train to the next. So the RF cavities mustcbasidered threshold seems to be generallyaffected bychanges in
to have at least a partial role in the dynamics which caugbe synchrotron oscillatiorirequency orbunch length
which is consistant witmodeshaving frequenciedess
) than 3 GHz.
9 Trainsof 2 Bunches Damping measurements fordifferent coherent
oscillation patterns of the trains of bunches héeen
made by exciting different synchrotron sidebands

—~ 350 separately, modulating either the phase of an RF cavity or
<EE 300 voltage on a stripline kicker and then allowing thetion
g 250 to decay.[2] The signal from a beam position monitor
° (BPM) at a location of non-zero dispersionviswed on a
'@ 200 spectrum analyzer tuned to the coherent nfostgiency in
= 150 general yielding alecaywhich is not purely exponential.
~ Although the decay of the BPM signal is not exponential,
‘g 100 the decay envelope can bebounded above by an
= exponential curvethis curve isthen used togive the
8 50 characteristic damping rate ftitis synchrotronsideband.
0 Measurements of several different synchrotron sidebands of
14 28 42 56 single positron beams havinglifferent numbers of

bunchesand differentspacingsindicate that the natural

Spacing from Lead Bunch (ns) damping rate at zero current is the range of 200 to
9 Trains of 3 Bunches 900 sec! and the growth rate of the instability is between
1 and 9 sed mA-1 depending on bunch pattern.
350 2 CURES
300

When this longitudinal coupled bunch instability was first

2
288 encountered, CESR was operating with nine trains of two
bunches having a 28 ns spacingfter learning that two
150 bunches per train with 42 ns spacinghad a higher
100 current threshold, the routine operation @ESR was
50 changed tothis bunch spacing. Since CESR has no
0 longitudinal feedbackcavities, the use of dransverse
14, 14, 14, 28, 28, 42

deflectionfrom the horizontal stripline kicker (in routine
' ' ' ' ' ' use for horizontafeedback)which is located at gpoint
28 42 56 42 56 56 with non-zero dispersion was determined to be a means of
. generating a path length change. This kicker is capable of
Spacing from L ead Bunch (ns) independently deflecting bunchegth as little as a 14 ns
9 Trainsof 4 Bunches spacing allowing thecreation of a bunch-by-bunch
feedback system. A low noise phase sensitive detector has

Current Threshold (mA)

< beendeveloped to detethe energy-phasescillation of

3 350 eachbunch. A prototype longitudindeedbacksystem

< 300 has been assembled using this phase sensitive detector, the
S 250 horizontal stripline kickeplus 150 MHzbandwidth RF

@ 200 amplifiers anddigital processing electronics of tleame

£ 150 R type as isused with the transverse bunch-by-bunch

= 100 feedbacksystems.[3] Thideedbacksystem was puinto

§ 50 operation in February 1997 and it produces a damygiteg

5 0 of approximately 1.5 secl mA-1 with the present

14 14 14 28 feedback loop gain limited by noise and interference in the
28, 28, 42’ 42’ phase detectionircuit. Although improvements dahis
' ' ' ' phase detection circuitre underway tallow higher gain
42 56 56 56 and damping rates, this prototypéounch-by-bunch
. longitudinal system haalreadypermitted collidingbeam
Figqures: 1 ZaSnr;aglncg frrrOTt.lliﬁ? d E ulg(\:/h (T;) nch operation with total two beam currents above 325 mA.
ngl;cﬁ]s' fE)r Vario.usu Neumberis (;)Bun?:.he; Cer A final version of the longitudinabunch-by-bunch
Tfain. gLighter barsare for single positronbeaﬁ)n feedback system is planned for operati@ginning in the

currents only and darker bars are for total current for summer of 1997. In thigesign the linear RF amplifiers
u only u will be replaced bytwo FET pulsersach followed by a
bothpositron and electron beams.
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transmission line impedance transformer; the combination 4 ACKNOWLEDGMENTS
of these iscapable of deliverindl4 ns long pulses of
1.5 KV into the 50Q stripline kicker. This more than | wish to gratefully acknowledgethe work of my
ten times the peak voltage capability of the present R¥elleagues in the Operations Group at CESR who has
amplifiers. To limit the power dissipation in the pulsers;ontributed to our understanding thiese phenomena and
the pulsers will operate at full amplitude andrbedulated production of a longitudinal feedback system for CESR. |
with a duty cycle proportional to a phassror signal also wish to acknowledge the help of 6ESR operators
when it exceeds ghresholdlevel. Simulations ofthis in these studies.
feedback pulser configuration indicatesthis should
function quite successfullgnd produce dinear damping REFERENCES
of large amplitude oscillations (ascompared to
exponential damping for conventional proportionall] D. Rubin, "CESR Status", this conference.
feedback systems.) A prototype pulser has hested and [2] M. Billing, "Introduction to Beam Diagnostics",
the final design is in production. The digital processing Fourth  Annual Accelerator Instrumentation
electronicswill also be replacedwith a new design that Workshop, Berkeley, CA, AIP Conf. Proc. N281,
incorporates such features as amernal steady state, 72-3.
bunch-by-bunch phase offset correction circuit tg3] J. T. Rogers et al, "Operation of Rast Digital
compensate for the bunches in the trains operating at Transverse Feedback System in CESR", Proc of 1995
slightly different phasedue to beam loading of the RF Part Acc Conf, (RAE14), 2426.
systemand amore sophisticated bunch-by-bunch digita[4] R. Boni, "Experimental Tests of the DAFNE RF
filtering section to improve the signal to noise ratio. FeedbackSystem", Proc of 199&uropeanPart Acc
This feedback system should increase the damping rate by Conference.
at least a factor of ten and shoulddagable ofstabilizing [5] S. Belomestnykh, "Development &upercon-ducting
total two beam currents in excess of 6@ mA CESR+ RF for CESR", this conference.
phase 2 and 1 A CESR+ phase 3 design levels.[1]

Plans are also underway to procure a lovit.Q GHz
accelerating cavity as a longitudinalbunch-by-bunch
feedback kicker. The cavity and RF amplifierbased on
the design for a longitudinalfeedback system for
DA®NE.[4] This configuration for CESR would
simplify the horizontaland longitudinal feedbackloops
which presentlysharethe samefeedbackkicker. This
cavity is expected to bénstalled in CESR in the fall of
1997.

One otherchange to CESR which is likely to
improve the longitudinal dipoleoupledbunch instability
threshold will be the installation of four single
superconducting RESRF) cells over the next twgears
to replacethe 20 normal conducting RF cells in the
present RF system.[5] THeadedQ's of these cells are
below 100 for all higheordermodes. Since thpresent
RF system contributes significantly to the total
impedance ofCESR andsince it also is known to be an
important source of the impedancewhich drives this
instability, installing the entire SRF system wdkcrease
the overall impedance of CESR and should likelyrease
the threshold current for this instability.

3 CONCLUSIONS

The longitudinalcoupledbunch dipoleinstability
that hasbeenobserved inthe operation ofCESR
with multiple trains of bunches has limited the total
colliding beam currents. With the installation of a
prototype longitudinal bunch-by-bunclfeedback
system the instability threshold has been raised. An
improved version of this feedback system should be
capablestabilizing the totalcurrent in the two
beams in excess of 1 A for CESR.
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