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Abstract

A two BeamPositionMonitors BPMs-two kickers transversedampingsystemfor pro

viding control of the dipole mode multibunch instability in the SuperconductingSuper

Collider SSCis outlined. The configurationB1-K1-B2-K2 permitsexact one-turnorbit

compensationfor a gain equal to one. This systemis optimized and comparedwith the

configurationB1-B2-K1-K2. It is shown that for someparticular casesboth configura

tions areequivalents,and that the B1-K1-B2-K2 configurationis more restricted. The

possibility of usingthis systemto control themultibunchinstabilitiesdue to high frequency

resistivewall impedance,narrow band rf- cavities impedance,quadrupolemotion, power

supply ripples,and injection error is discussed.
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1.0 INTRODUCTION

Damping the dipole mode transversemultibunch instability is of primary importance

for high current-manybunchesstorageand collider machinesSSC, LHC, andUNK since

it provides stability in the beam. Otherwise, the expectedluminosity of the machine

may drasticallybe reduced. One of the main instabilities of concernin the SSC Collider

acceleratorat low frequencyis causedby the resistivewall impedance.Simulationstudies

doneof the dipole modemultibunchinstabilitiesdue to the resistivewall impedancein the

Collider1 indicate that a two B?Ms-two kickers TBK dampingsystemhasmuchbetter

control of this instability than the traditional oneBPM-one kicker dampingsystemhaving

the possibiityof reducingthegain by about oneorder of magnitude.This result coincided

with the observationmadeof theneedof usingtwo kickers at UNK2 to controlthe stainless

steelresistivewall instability.

The TBK dampingsystemcould be configuredin the form B1-B2-K1-K2 or as Bi-Ki

B2-K2. In addition, this system could be coupledthe information of the BPMs canbe

sharedor uncoupledthis information is not shared. In the simulations,only an uncou

pled TBK damperwas under consideration.But, analytical optimization studiesof this

systemwere not made. For the TBK dampingsystemB1-B2-K1-K2, a generalanalytical

optimizationhasbeendone recently3using a single particletrajectoryapproximation. In

this report, the TBK dampingsystemB1-B2-K1-K2 is written for two particular cases,

and the TBK dampingsystemB1-K1-B2-K2 is optimized. The comparisonof both con

figurationsis made.

2.0 ANALYSIS OF THE B1-B2-K1-K2 SYSTEM

A generaloscillation of a single-particletrajectoryis shownin Figure 1, where a,/3,

= 1, ...4 aretheCourant-Snyderparametersof thelatticeat the locationof the Bi, B2, Ki

and K2 elements;X1,X, i = 1,..., 4 arethecoordinatesin the phasespaceof the particle

at the location of the aboveelements;and , , and E are the relative phaseadvance

betweenthe elements. A very simplified analysiscan be madechoosing = = ir/2.

Then,using the Courant-Syndermap4 and a knowlegeof the displacementof the particle
at the BPMs, X1 and X2, the displacementcoordinatesat locationKi canbe known,

ii.X3= -cosØX2- -sinXi. 1

Then,therearetwo simple possibilities: 1 the kick providedby Ki is decoupledfrom
Bi or 2 B2. The kick providedby K2 is kept coupledto Bi and B2.
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Figure 1. Overlapped-CoupledB1-82-Kl-K2 TBK Damping System.

2.1 11 Decoupledof B1
In this case,the slopeat K3 is given by

Lcos’

wherethe kicker Ki hasprovideda kick to the particle given by

-ct3sin’

The coordinatesat the locationK2 beforethe kick aregiven by

and

X4 = X2iJj[i
x1

-sint,b]- cosi,&

X2

____

cos&-a4sini,b+ sint,b+a4cosb

Fiom theseequations,it is dearthat optimumperformancecan be obtainedfor

sinceif g = 1, thenX4 = 0 independentof the particlephase.Therefore,using

Eq. 5, the kick providedby the kicker K2 must be

K2
=

g2x2-x1
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whereg is the gainof the electronicsystemfor K2.

2.2 Ki Decoupledof B2
The slopeat K3 is given by

7

wherethe kicker Ki hasprovideda kick to the particle given by

8

The coordinatesat the location K2 beforethe kick aregiven by

= j±sin
-

[cosA - gil 9a

and

= -,,i__cos - a4sin + _sin& + a4cosØ- gi . 9b

From theseequations,it is clear that optimumperformancecan be obtainedfor

= 2rrnr . ba

With this phaseadvance,the kick providedby the kicker K2 is given as

g2 ga4l - gi
2+ 1, 1

whereg is the gain associatedwith K2.

3.0 ANALYSIS OF THE B1-K1-B2-K2 SYSTEM

This system is of particular interest since simulation indicatesthat even the nonop

timized Bl-K1-B2-K2 system hasmuch better performanceto control the resistivewall

instability than the conventionalone BPM-one kicker system. The general caseis given

by the sameFigure 1 but interchangingB2 for Ki. To simplify the analysis,the phase

advanceswill be takenlike thoseof the previouscase. In this systemthereis only one sim

plified case: thefirst kicker,K1, providesa correctionin the slopeof theparticletrajectory

given by

11

whereg is thegainof theelectronicsystem.The reasonis that displacementX1 is the only

variableknown beforeKb, in the first turn. Using the Courant-Snydermap to transport
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the particlefrom Bb to K2 andalter rearangementterms,the coordinatesof the bunch at

K2 aregiven by

X4=_tanbX3_jJj1Xi 12a

and
-b+a4tan’ a41-gi

X3+f_Xi. 12b

Therefore,K2 will makea correctiongiven by

g2-1+a4tanb a4g21-gi
X3_v9Ncos&X1

13

where g is the gain of the electronicsassociatedwith this signal g and gi do not have

to be the same.A possibleoptimum value is foundby selectingthe phaseadvanceof the

form

ib=thir, 14

whereñz is any integernumber. It is clear that if the phaseis given by Eq. 14 and the

gain is gj = 1, then .24 = 0 independentlyon the initial phaseof the particle, and the

systemis completelydecoupledthe correctionat K2 dependson B2. Note that for the

particularcase14, the case2.2 and this caseare equivalents,but they differ for other

phaseadvances.Phaseadvancegiven by Eq. 5 is not allowed in this system.

Simulationswere donefor the resistivewall instability caseusing the computerprogram

TADIMMI TransverseDipole Mode Multibunch Instability and this optimized config

uration given above in = 0, or eqivalently the case2.2. Figure 2 shows the average

displacementvalueof bunchesmeasuredby BPM1, and Figure 3 shows the displacement

behaviorof bunch1000 measuredat BPM1. The parametersof the TBK feedbacksystem

to control resistivewall instability in the Collider arealso shown. In this simulation,it has

beenassumeda full symmetricfilling ring of bunchestraveling at low energy2 TeV, as
theworst casescenariofor multibunchinstabilities. The bandwidthof the feedbacksystem

was definedby the batch-to-batchseparation,BW 0.3 MHz, and the flat-top duration

of the kickers is equivalentto one Collider turn 0.29 ms.
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Figure 2. AverageDisplacementof the Bunchesat BPM1. is the coppercoatedthicknessin the beam
pipe. 1 + àp is the fractional part of the tune.
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4.0 MINIMUM CONFIGURATION AND LOGIC CIRCUIT

Theminimum configurationin thephaseadvancedistanceis obtainedsetting fri = in = 0

in Eqs. 5, 10, and 14. The B1-B2-K1-K2 configurationrequiresa total phase

advanceof 3ir/2 and r for cases 2.1 and 2.2. The configuration B1-K1-B2-K2 re

quires also a total phase advance of ir and is equivalent to the previous 2.2 case.

The B1-B2-K1-K2 configuration, case 2.2, or the B1-K1-B2-K2 configuration with

th = in = 0 can be installedin the west utility regionof the Collider.

From Eqs. 4a, 9b, and 13 and for both configurations,the kick provided by the

secondkickers can be expressedas linear combinationsof the pickup signals, where the

Turns
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Turns
Figure 3. Single BunchBehavior at the BPM.
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tune-dependingcoefficients can be known from the mentionedexpressions.To make signal

correctionsdue to changesin tune,5anotherBPM maynot be requiredsinceB1 andB2 can

be usedto do this measurement.Figures4a thru 4c show the logic circuit of information

for thesecases.

a

b

Figure 4a. Logic for the B1-B2-K1-K2 System,Case2.1.

Figure 4b. Logic for the B1-B2-K1-K2 System,Case2.2.
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Figure 4c. Logic for the B1-K1-B2-K2 System.

5.0 RESULTS AND COMMENTS

An analytical optimizationhasbeendoneof the novel TBK dampingsystemwith con

figuration B1-K1-B2-K2 using a single particle trajectory approximation. This brief

approximatedanalysis, in turn, shows why the two BPMs-two kickers feedbacksystem

works so well asfirst describedReference1. This systemis capableof cancelingexactly

the oscillationsof the particlein a single turn if 91 = 92 = 1, independentof the particle

phase,which it is not possibleto do with a single conventionalkicker. It is pointedout

that this is true independentof the relativephaseadvances, ‘, and e for the configura

tion B1-B2-K1-K2, seereference3, but for the configurationB1-K1-B2-K2, it is true

only for the phaseadvances = = 2n + 17r/2, and b = thir. Therefore, the latter

configurationis more restricted.

To controlmultibunchinstabilitiesarisingfrom therf-cavitiesor resistivewall impedance

at high frequencies,the dataprocessingmust be donein a bunch-by-bunchmodeband

width of the electronic system must be at least 30 MHz. Using this mode, the TBK

dampercouldcontrol theseinstabilities. This bunch-by-bunchmodecannotmakethe cor

rection in the sameturn; therewill be at least a one-turndelay. As mentionedin the

introduction,the TBK dampingsystemis requiredfor resistivewall instability at low fre

quenciesfractional part of the tunetimes the revolution frequency,and the simulations

show that it will work very well controlling this instability. By choosing the feedback

bandwidth,definedby the batch-to-batchseparation,this sameTBK dampersystemcan

be usedfor batchinjection errors.
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As mentionedbefore,making the gains equalto one, gj = 92 = 1, it is possible, in prin

ciple, to dampany oscillation in one turn. However, in practice,externalnoise like power

supply ripples, magneticrandom errors, ground vibrations, and other possible sources

makethis unlikely.6 In addition, the feedbacknoiseincreasesif the gain increasesand this

is a very important sourceof emittanceblow-up. Therefore,it is better to keepthe gain

as small as possible,but high enough to obtain good dampingbefore decoherence,due

to tune spreadin the bunch spectra,causesresonantemittancegrowth due to external

noisespectraat theresonantbetatronfrequencies.7This dampingwill be donein less than

150 turns for resistivewail instability at low-frequencyimpedancesince the growth time

could be about 50 ms in this case the decoherenteffect is not relevant. For rf cavity

andresistivewall impedanceat high frequency,damping must be in less than1000 turns;

decoherenttime is about 0.4 sec, in this casethe dipole mode instability growth time is

about 1 sec and is not the most important. The thresholdfeedbacknoisefor controlling

the multibunch instabilities is largeenoughso that one doesnot haveto worry about itJ

Emittancegrowth due to the feedbacknoise requires careful simulationstudiesnow in

progress.
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