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Contrib uted Talks on Weak-Strong Effects

We listenedto thefollowing talksanddiscussedhemto variousdegrees:

CWS4 Influenceof Vertical DispersionandCrossingAngle onthe Performancef the
LHC, L. Leunissen

CWS1 Incoherenbeam-beanuneshiftsin theLHC, H. Grote

CWS5 Effectof the beam-beanmteractionsonthe dynamicapertureandamplitude
growthin theLHC, T. Sen

CWS6 Weak-strondpeam-beansimulationsfor the LHC, F. Zimmermann

CWS2 Filling SchemesCollision SchedulesandBeam-beanitquivalenceClasses,
J.Jowett

CWS3 Applicationof Beam-beantnteractionto a Particle DensityFunction,
T. Koyama

CWS7 Effectof Very Low Frequeng GroundMotion onthe LHC, L. Vos

Theresultswill bediscussedaterduringmy talk.
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Measurable Quantities and Instrumentation

Lifetime: DCCT for total beamcurrent,fastbunchintegratorandsampledounch

displayfor bunch-by-lunchcurrents
o*, Ax*, L. Beam-beanscansiransferfunction,luminosityandvertex detectors

Y

Q(J), footprints, modulation: steppedicker magnetin LHC, AC dipolesin RHIC,
resonantchottky cavity in Tevatron,bunch-by-lunchtunesby gatedbeam
excitationandresponse

Tails, diffusion: Movablecollimators,anybetteridea?
Emittance growth: Flying wires,ion profile monitor, synchrotrorlight monitor
e Willeke emphasizessefulnes®f lossmonitorsfor checkinghealthof HERA

e Not known whether.HC will have abunch-by-lunchfeedbacksystemthatcan
alsobeusedto excite bunchesandsystemdor measuringails
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Experiments

e Watchingcommissioningof RHIC andTevatronRunll might be bestmethodfor
accumulatingnformationrelevantto LHC

e RHIC canbefilled quickly andofferspossibilitiesfor formal experimentson
crossingangle,head-omand/orparasiticcollisions,someimmediately someothers
lateron afterupgrades

e Organizedexperimentsequire

— amodel,appliedto aconfigurationin a specificmachine makingpredictions
for ameasurablguantity

— confrontingmodelandexperiment
— all sortsof verificationsthatmachinebehaesaccordingto model

— E778alwayspresentecsglaringexample
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Simulation |

Codesn useareMADS8, SIXTRACK, TEVLAT andSens unnamedodefor
TevatronandLHC work at FNAL: MAD, SIXTRACK andZimmermanns codeat
CERN; Shatilor’s codeLIFETRAC similarto codesby Irwin andSiemanretal.,

Codesshouldbevalidatedby comparingresultson obsenablequantitieswith:

— othercodes

— experiments
Comparisonat differentmadinesby teamsof experimentes otherthancode
developes

— analyticalresults

We are not too optimisticaboutgetting analyticalresultsfor complicatedcases.
Hencevalidity is demonstatedat bestin a restrictedrange of parametes.

Needcomplicatedcode(s)with (mostof) the physicsto getcloseto reality; fear
thatit/they areslow, andthereforecannotbe usedfor extensve parametesearches.

Needlesscomplicatedfastercodesjncludingonly the mostimportantphysics,to
eliminateparameterangeghatdon’t work.

We have suchcodes!
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Simulation 1l

e Ensurethatdifferentcodesgetidenticalmachinedescriptionscf. SXFfor LHC
descriptionsunderstoody MAD, SIXTRACK, TEAPCOT, TEVLAT

Facilitatefurthercodedevelopmentby alibrary of well-documentedibrary of
modulesg.g.for 4D or 6D beam-beankicks, mapsthroughnon-linearelements
and/orentirearcs,etc.

Notethatall simulationcodesconsistof a smallnumberof modulesselectedy
judgement/pejudicesof the developer(s)of whatphysicaleffectsare important

Facilitatecomparisorof resultsby adoptingcommonstylesof inspectionand
presentation

WWWis oneway of providingaccesso modules
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Reformulated General Questionsl

e Do youknow areasonwhy the presenthoiceof the LHC working point (64.31,
59.32)mightbebad?

Working points(64.232,53.242)and (64.385,53.395)are crossedoy fewer
non-linearresonances.
e How arethebeamdroughtinto collisionin existing andplannedcolliders?

— In Tevatron beamswere broughtinto collision by longitudinalcogging; beams
will bebroughtinto collision transveselywithin a few secondsgivenby
disdharge time of sepaators

— In HERAbeamsare broughtinto collisiontransveselyat slowspeed

— In RHIC beamsare injectedandacceleatedwith two rings unloded, then
broughtinto collisionlongitudinallyandtransvesely Whataboutoverlap
knodoutresonancefor unlodkedbeams?

Do you know areasonwhy the sameprocedureslo notwork for LHC?

No
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Reformulated General Questionsl|

e Do we expectluminosity or beamlifetime degradationfrom groundmotion,
dynamiceffects(e.g.tuneripple) andchromaticity?

— Accoding to modelof L. Vos,thetwo beamswill getsepaatedasin arandom
walk, unlessthey are keptcenteed every so manyminutes.Althoughthe model

wasquestionedthe conclusions mostlikely correct. It shouldbe chedkedwith
standad ATL models.

— Tunemodulationwith AQ ~ 10~% at Q hadno effectin Zimmermanrs
simulation;Q’ < 5...6 with o, ~ 10~% worksin Tevatron? To avoiddropin
luminositylifetimein SPSAQ < 21074

e Whatprocedureshallbefollowedto validatebeam-beandesignchoices?
Answes in sectionon simulationandexperiments.

e Whataretheimplicationsof beam-beaneffectsfor linearoptics,machine
instrumentatiorandoperation?

Keepingtrack of more than4000bundieswith only abouthalf of themin the most
populatedequivalencelass,asproposedoy J. Jowett,and producingmeaningful

displaysfor the operatorsis a toughjob for the controls people andshouldbe
tackledsoon.
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Questionsfor the Working Group on Weak-Strong Effectsl|

e Giventhetriplet errors,canwe recommendnoptimumcrossingangle?

Simulationdy H. Grote, T. SenandF. Zimmermanragreethatthereis a lower
limit onthe crossingangleat about4150 ur from parasitic collisions,but no
upperlimit in therange scannedupto £7 ur fromtriplet errors. Avoid dropin
luminosityby working closeto lower limit.

Canwe give arecommendatiofor the minimumbeamseparation?
Answerfor crossinganglein collisionimpliedin answerto first question.

How canwe measureandcontrolthe head-orcollision of thebunches?

By measuringuminositybund by bundh, beam-beanuminosityscans,
beam-beandefelctionscans.

— Collision point movesalongbeamwhile scanningn the planeof crossing
luminositymonitors mustcover range

— Beam-beantuminosityscansonly at endof fills in Tevatron, rarely donein
HERAat¢ < 0.002

— Workshopon continuousbeam-beanscansat o /10 for LHC this week
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nominal LHC: collision IP1, IP5, IP8, halo IP2

crossing angles +-150 and +-125 murad
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nominal LHC: collision IP1, IP5, IP8, halo IP2

crossing angle +-150 murad, b10 on and off
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Ingr edientsof Zimmermann’s Program

e Simulatein 4D

e Apply 5 kicks neareachlP
Systemati@andrandomtriplet nonlinearities
Lumpedparasiticcollisionsof roundbeams
Head-oncollisionsof roundbeams
Lumpedparasiticcollisionsof roundbeams

Systemati@andrandomtriplet nonlinearities

e Tunemodulationin lineararcs

E. Kell

April 15,1999
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Footprints and b1 Triplet Err ors —Zimmermann

head-on plus lang-range collisions head-on + long-rarge + FNAL triplet errors
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Tune Diffusion and b, Triplet Err ors — Zimmermann

head-on plus long-rage collisions head-on + long-rarge + FNAL triplet errors
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Diffusion vs. CrossingAngle — Zimmermann
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Questionsfor the Working Group on Weak-Strong Effects |

e Are missinghead-orcollisionsharmful?
We hopenot. We raisedthe questiorwhethera bad batcdh canbe dumpedand
refilledindividually, or whetherall batthesmustbe dumpedandrefilled.

e How muchdispersiorcanwe expectandtolerateat the crossingpoints?

Giventheanswerto first questionand a knowled@ of closedorbit errors, the
expectedvaluesof dispessioncanbe computedResultgivenby L. Leunissen

— | D| = 6 mmfromsepaation bumpsis smallerthan|D| ~ 25 mmfromorbit
errors

Find tolerable D fromanalogy with crossinganglefor syndro-betaon
resonancexcitation Dy, = aCO/47Qs

Correct D andorbit aroundLHC simultaneouslyasnowdonein LEP

Sideeffectsof D compensatioy eitherlaunching forced D oscillation
througharcsor by coupling D, into D,, by skew quadrupolesn arcsunknown
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Synchro-Betatron Resonanceslue to CrossingAngle
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Synchro-Betatron Resonanceslue to Vertical Dispersion
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Luminosity Changedueto Vertical Dispersion

Q&

E. Keill page21l



LHC Beam-BeanWorkshop April 15,1999

Severalquestionsarisingduringtheworkshopareansweredelow (atleastin part).

e Isthereanemittanceblow-up beyond 10000turns?Trackingwith:

— LHC collisionat+150ur, all 4D beam-beanelementgpresent

full errortablefor triplet quadrupolesncludingsystemati@ndrandom KEK at
IP1andIP8,FNAL atIP2andIP5

trackingoneparticleat50 and70 each,® = 45°, A, = 20 over 100000turns

resultedn no obsenableemittancegrowth (seeslide)

e Do thetriplet errorsallow angleshigherthan+150ur? Trackingwith the LHC
above, particleamplitudesro, shavedlossof the particlesabore & = 45° for
+175ur (andfor +=200ur). However, with the fractionaltunesswappedj.e.

Qe = 63.32, Q, = 59.31 theparticlessurvivedat =175ur andwereonly lost at
+200ur abore & = 45°.

e Whateffecthasa missinghead-orcollision? Thefootprint (seeslide) shovs thatat
leastthetuneshift poseso problem.
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Conclusions
Effectesof crossingangleandmulti-pole errorsin triplet quadrupolesnoreclear

Progressn simulationcodesthathopefully continues

Opportunityfor interactingwith colleaguesvhomoneseegoorarely

Thanksto all participantan the Working Groupon Weak-StrongBeam-Beam
Effectsfor their contrilution
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