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Feasibility Study of Beam-Beam Compensation in the Tevatron with Wires

TanajiSen,FNAL, Batavia, IL 60510,BelaErdelyi,NIU, Dekalb,IL 60115

Abstract

We explore the possibility of compensatindong-range
beam-beaninteractionsin the Tevatronby currentcarry-
ing wires. Compensatiorstratgies dependon whether
the compensatioris donecloseto the interactionor non-
locally, onthe aspectatio of the strongbeamandon other
details. Stratgiesfor eachcasehave beendevelopedand
appliedto the Tevatron. We discussthe resultsof these
stratgjiesatinjectionandcollision enegy.

INTRODUCTION

The idea of compensatingthe effects of long-range
beam-beaminteractionsby current carrying wires was
originally proposedor the LHC [1]. Machinestudiesper
formedatthe CERN SPSin 2004and2005have testecthe
effectsof a singlewire andof two wireson a singlebeam
[2, 3]. While theseresultsarenot yet conclusve, they do
suggesthatwirescouldbehelpfulin reducingbeamlosses
in the LHC. It is a naturalextensionto apply the idea of
usingwires to compensaté¢he long-rangebeam-beanin-
teractionsin the Tevatronwherethey areknown to cause
beamlossat all stagesf the operationakycle. The LHC
is well suitedto this compensatiomprinciple sinceall the
long-rangeanteractionson onesideof aninteractionregion
areat nearlythe samebetatronphase.In the Tevatronon
theotherhand thelong-rangdnteractionsoccurall around
the ring and at very differentphases.Given thesediffer-
encesin the the opticsanddynamicsof the long-rangen-
teractionsyve expectthecompensatiostrategjiesto besig-
nificantly morecomplex in the Tevatronthanin the LHC.

LOCAL COMPENSATION OF ROUND
BEAMS

The compensatiomprinciple is basedon the obsenation
thatthefield of along straightcurrentcarryingwire hasthe
right symmetryanddependencen distanceto cancelthe
field of a roundbeamat large distancesrom the beamin
the region closerto the core of the beamwherethe expo-
nentialpart of the beam-beanforce is important,the can-
cellationwill not be exact. Figure 1 compareghe kicks
from aroundbeamwith thatof a roundwire. At separa-
tionslargerthan3c, thefield profilesmatchvery closely-
to betterthan1%.

To testthe compensatiomrinciple for a nearideal case
in the Tevatron,we chosea parasiticinteractionat top en-
ergy wherethe beamsarenearlyround. The separatiorat
this parasiticwasincreasedo 100. Thewire wasplacedat
the samelongitudinallocationandat the sametrans\erse
distancefrom the anti-protonbeamasthe protonbeamon
the other side of the anti-protonbeam. We usedseveral
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Figurel: Kicks from aroundbeamcomparedo thekick of

aroundwire asafunction of distance.At distancedarger
than3o, thekicks agreeto betterthan1%.
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Figure 2: Diffusion coeficientsfor the local correctionof
a parasiticinteractionwherethe beamsareroundandthe
separatiorapproximatelyl Oc.

measurego calculatethe impactof the wire on the anti-
protons. Onemeasureshavn in Figure 2, werediffusion
coeficientsat severaltranswerseamplitudeswvith andwith-
outthewire. Thesecoeficientswerecalculatedvith multi-
particle tracking using the weak-strongcode BBSIM [4].
Fig. 2 shows that diffusion coeficientsfor all amplitudes
up to 60 are practically vanishingwith the wire in place.
The simulationsconfirmedwhat we expectedfrom the-
ory.While this simulationdemonstratedhe compensation
principle at work, it is not very practicalfor the Tevatron
for at leasttwo reasons:(i) beamsare not round at most
locationsand (ii) wirescannotbe placedat every location
of abeam-beanmnteraction.
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Figure 3: Minimum beamseparatiorrequiredto matcha
1/r field asa function of the aspectratio of an elliptical
beam.

LOCAL COMPENSATION OF
ELLIPTICAL BEAMS

The aspectratiosin the Tevatronrangebetween0.25 -
3.5 with the extremesoccurringat low betaat the nearest
parasiticsaroundB0 andDO. The differencebetweenthe
kicks dueto a very elliptical beamand a round wire can
be substantialFigure 3 shavs the minimumdistancerom
anelliptical beamat which its field matchesa 1/r field to
within 1%. If the beamsizesin the two planesdiffer by
morethanafactorof 2, thentheminimumbeamseparation
exceedsl4o. Howevertherangeof beamseparationatall
the parasiticdies betweenb.5to 120 andthe field of the
strongbeamat several parasiticscannotbe well approxi-
matedby aroundwire.

We thereforeexaminedalternatve compensatiorstrate-
gies. Insteadof directly compensatinghe field, we can
compensatsomeof the effectsdueto thefield For exam-
ple, tuneshift compensatiomonlinearmapminimization,
resonanceompensatiorgndnumericaloptimizationwere
examined.After detailedexplorationof thesestratgies[5],
we concludedthat the beststrateyy for local correctionof
elliptic beam-beankicks with roundwiresis to placethe
wire to ensurethatthekicks have theright orientation,and
adjustthe currentto matchtheir magnitudesHowever this
stratgyy did notreduceadiffusionwith thewire placedatthe
locationof the parasitic.

We next lookedat a differentwire cross-sectioto better
matchthe field. Elliptic cylindrical wiresarea very good
approximationof the elliptic Gaussiarbeam-beankicks
outsidethe coreof thebeam.As seenin Figure4, therela-
tive errorat distancedargerthan3cs from the strongbeam
centroidaresmallerthan2% anddecreasenonotonicallyat
largerdistancesThetransersepositionandcurrentof the
elliptical wire arethe sameasin theroundbeamcaseand
the trans\ersesize of the wire is relatedto the rms Gaus-
sianbeamsizeq5]. Detailedsimulationswith theseelliptic
wireshave notyet beenperformed.
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Figure4: Therelative errorbetweeranelliptical wire and
elliptic beam-bearkicks asafunctionof amplitudeoutside
the corefor smallaspecratio.

NON-LOCAL COMPENSATION

If thewire is not atthe samelocationasthe beam-beam
interaction thensimply cancellingthekick at a distantlo-
cationis the wrong stratgy. This canincreasethe phase
spacedistortiondependingon the phaseadvancebetween
the beam-beaninteractionandthe wire. Insteadwe could
usethe wire to restorethe phasespacdrajectoriesbackto
their original pathsin the absencef the beam-beannter-
action. If a single parasiticinteractionwith a roundbeam
is compensatetly a wire at somedistance thenfrom the
above principleit follows thatthe threeconditionsfor the
compensatiomo be exactfor all particlesare[5]
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Thefirst conditionstateghatthecompensatioganonly be
effective if the wire is at aninteger multiple of = away in
phasein both planes. This is a very restrictive condition.
Theseconcconditionrequireshatthe betafunctionsatthe
wire haveto bein thesameratio asatthebeam-beannter-
action. The third conditiondetermineghe integratedwire
strengthin termsof the bunchchage V,,.

If multiple parasiticsareto be compensatefly a single
wire, thenthe conditionsfor the wire locationcanalsobe
found by minimizing the phasespacedistortion[5]. How-
ever the compensatiortannotbe exact for all particlesin
the bunchbut canonly be satisfiedin an averagesenseby
averagingthekicks overtheanti-protonbunchdistribution.

We testednon-localcompensatiornin 3 differentcases:
i) compensatinghe nearesparasiticsaroundBO0 by a sin-
glewire, ii) compensatinghe nearesparasiticcaroundDO
by asinglewire andiii) compensatingll 4 of thesenearest
parasiticdy 2 wires. Theplacemenof thewiresis compli-
catedby thefactthatlongitudinallocationsof the = phase
advancesn eachplanecorrespondso differentpositionsin
the Tevatron. Calculationsweredonewith the wire placed
at locationswherethe phaseadvancefrom the parasitics
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Figure5: Phasespacepoint following severalbeam-beam
kicks, phaseotationbetweerthesekicks andendingup at
awire.
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Figure6: Horizontaldiffusioncoeficientsof thetwo near
estparasiticsto B0, without wire andwith wire placedto
canceltheaveragekick felt by theanti-protonbeam.

was in the horizontalplane,vertical planeandaveraged
betweerthetwo planes.In almostall casesthebestresults
wereobtainedwvhenthe averagephaseadvancewas.

The resultsshaved that the nonlinearmapnorm canbe
reducedby up to 25-35%. This shouldbe comparedto
thelocal compensationf aroundbeamwherethewire re-
ducedthe mapnormby nearly2 ordersof magnitude De-
spitethis smalldecreas@n the mapnorm, thediffusionco-
efficientsincreasedvith thewire. As anexample,horizon-
tal diffusion coeficientswith andwithout wire are showvn
in Figure 6 for casei). The wires increasedhe vertical
diffusionaswell in all cases.

RESULTSAT INJECTION

At injection enegy we followed a differentapproach.
We usedalatticemodelthatincludesall known latticenon-
linearities,andasfigureof meritwe usedthedynamicaper
ture(DA). Thelengthof thewiresweresetto 1m, thenum-
ber of wires to four, and were placedthemin long drifts
availablein the Tevatron,wherethe protonandanti-proton
beamsarewell separatedWhenthe parametersf all four
wires hadbeenoptimizedby shorttermtracking,thelong
term (106 turns) DA was estimated. The resultsare con-
tainedin Table1. Thelong-termDA increasedy almost

20. An independentheckof the solution hasbeenper
formed with anothercode[6], but neglectingall nonlin-
earitiesexceptthe beam-beam.t wasfound thatthe DA
increasedertically by roughly1.5¢ for thesewire parame-
ters.Moreover, theseresultsarenotvery sensitve to place-
mentand currentof the wires. For examplea £0.5mm
offsetin the wire trans\ersepositiondid not alter the DA.
The sameis true for small staticerrorsin the currentval-
ues.Thereforetheseresultsseento shaw thatin principle
animprovements feasibleby currentcarryingwires,but a
simplerulefor their placementandcurrentthatcanbeused
duringoperationss yetto befound.

DA [o] Number of turns

10* | 10° | 10°

Beam-beam on, no wires 6.0| 40| 37
Beam-beam on, best casewires | 7.0 | 6.5 | 55

Table 1: At injection enegy, using 4 wires and optimiz-
ing eachof themindividually by rasteringwe obtainedan
improvementof the DA by almost2o.

SUMMARY

Our purposewas to determinethe feasibility of com-
pensatinghe long-rangeinteractionsin the Tevatronwith
wires. At collision enegy we found thatlocal compensa-
tion of a singleparasiticby a roundwire workswell when
the strongbeamis round but not whenthe beamsare el-
liptical becausé¢hefield profile from the strongbeamcan-
not be matchedby a roundwire. Stratgiesfor non-local
compensatiomelpedspecifytheidealphaseadvancesand
trans\ersepositionsof the compensatingvire. Particledif-
fusion however increasedvith the optimumwire settings
for all casesstudied.At injection enegy we placeda wire
in eachof 4 warmstraightsectionsandfound currentsand
positionsthatincreasedhe dynamicapertureby about2o.
However an operationalstratey for optimizing wire pa-
rametersvasnot clear

We concludethat thereis no simple strategyy for com-
pensatinghelong-rangenteractionsn the Tevatronusing
single wires at a few locationsthat will work at injection
andcollision. A successfuktratgy might involve multi-
ple wires, perhapswith elliptical cross-sectionsat several
locations.
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