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the ideal Gaussian beams, potentially representing a serious limitation of the current design.
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Abstract

This note describeswvork performedin the framewvork of the InternationalLinear Collider TechnicalReview
Committee[1] to estimatethe power load on the TESLA extractionseptumbladedueto beamstrahlunghotons.It
is shown, that underrealistic conditionsthe photonload canbe several ordersof magnitudehigherthanwhat was
estimatedn the TESLA TDR [2] for the ideal Gaussiarbeams potentiallyrepresenting seriouslimitation of the
currentdesign.

1 Introduction

In the TESLA linearcollider design[2], the outgoingdisruptedbeamgqchagedandneutral)sharethe samebeamline
with the incomingbeamfor at least50 m pastthe IP. The disruptedprimary beamis deflectedfirst by combined
electrostati@andmagneticseparatofwhich doesnot deflecttheincomingbeam)andthenby a septunmagnet.Beam
losseson the beamlinecomponentdrom the disruptedbeam,and from secondaryand neutralbeams,needto be
sufficiently small.
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Figure 7.6.4: Vertical layout of the final transformer region. The beamstrahlung power
levels on the collimators are for the E., = 500 GeV machine.

Figure1: Picturefrom the TESLA TDR. The power levels correspondo the ideal Gaussiarbeamswith nominal
parameters.

In particular excessve power depositionfrom beamstrahlunghotonsneedto be avoided. Figure. lis reproduced
fromthe TESLA TDR [2] andshowsthatthebeamstrahlungadiationis transportedo the maindumphall essentially
withoutlosseglessthan50 W out of 360kW total power). In particular only lessthan5 W is nominallydepositecbn
theseptumblade.

Theqguotedpower levelsapparentlycorrespondo ideal Gaussiarbeamsawith nominalparameterslt waspointed
out [3] thatin morerealistic conditions(e.g. with beamijitter dueto groundmotion andvibration, and with some
emittancegrownth dueto misalignmentsjhe photonloadsmayincreasesignificantly



Preliminarystudieshave confirmed[4] thatin non-idealconditions,wherethe deliveredluminosity is still about
75%o0f nominal,the photonloadontheseptumblademayreach1500to 2500W on average . Thetotal radiatedpower
wasalsohigherfor the non-idealbeam:about500kW insteadof 360kW.

In this note, the beamstrahlunghotonloadson the TESLA extractionseptumbladeare evaluatedmore system-
atically: with more casesstudiedandwith betterstatistics. The earlier preliminaryresults[4] arealsoincludedfor
consisteng.

Dependencen parameterss alsostudiedandpresentedbelow. In particular the following casesareconsidered:
thelow disruptionTESLA parameteset(se€[1], TESLA projectdescription)jntendedo halve thedisruptionparam-
eterDy to reducesensitvity to “bananaeffect”; acommissioningnode ,whentheverticalbeamsizeis largerthanthe
desiredvalue;andthe TESLA 800GeV CM parameters.

2 An ldeal Gaussian Beam Case

To evaluatethe photonpower load on the septumblade, it is essentiato performfull beam-beansimulations. The
programGUINEA-PIG [5] wasusedfor this purpose Beamstrahlunghotonsgeneratediuring collision, werestored
andthentheiranguladistributionwasanalyzedo find theamountof total photonpowerontheseptum.Thisprocedure
isillustratedby Fig.2wherecollision of ideal Gaussiateamswith nominalTESLA parameterss shovn togethemwith
theresultingspatialdistribution of beamstrahlunghotonsin differentprojectionsaswell asthe angulardistribution
of the photonenepy (in GeV permradperbunchcrossing).The septumbladeis definedasy = 9 mmtoy =11 mm
at45mfrom theIP, or, in termsof the angles0.2 <y < 0.2444mrad. The power loadsare obtainedby integrating
thetotal enegy of all photonsin this angularange.

For theideal Gaussiarbeamwith nominal TESLA parameters(Fig.2) the losseson the bladewerefoundto be
~ 3.5 W, andthe total photonpower wasfound to be ~ 360 kW, in goodagreementvith TDR [2]. However, this
agreementould only be achieved if a large numberof macro-particlesvere usedin GUINEA-PIG to representhe
beam-— in this particularcase300K macro-particlesvere usedwhich is aboutten timeslargerthanwhatis typical.
Consideringhis examplewith theidealbeamgqFig.2),we needo notethatcollisionsof thebeamgemainsymmetrical
andthereis almostno evidenceof the beam-beanmstability in spiteof thelarge verticaldisruptionparametefwhich
is largerthan20). This is becausefor the large numberof macro-particlesstatisticaloffsetsof the beamaresmall
andinstability is suppressedTaking into accountthat at the location of the bladethe photondistribution from the
idealbeamis rapidly decreasingandthe septumis placedjustatthe cut-off, onecanalreadyconcludethatthereis not
muchof amargin in the presendesignandmorerealisticconditionsshouldbeinvestigated.

3 Integrated Simulations of Realistic Conditions

Realisticevaluationof the photonload on the septumbladerequiresintegratedconsideratiorof the whole machine,
with accountfor variousimperfectionsand errors (static and dynamic) happeningalong the beamline. Integrated
simulationsof TESLA have beenperformedusingthe MAT-L1AR code[6] whichincludestheL AR codefor tracking
in thelinac, the DIMAD codefor trackingin bunchcompressoandbeamdelivery, and GUINEA-PIG for full beam-
beamsimulationsall encompassebly the power andflexibility of MATLAB.

A beamis tracked from the beginning of the linac to the IP. The beamlineelementsmay have both staticand
dynamicmisalignmentggroundmotion andvibration). Threegroundmotion modelsA, B andC (quiet, moderate
and noisy) were typically usedto representhe dynamicmisalignments.The groundmotion model A is basedon
measurementperformedin the LEP tunnel, the model B is basedon measurementperformedat SLAC, andthe
groundmotionmodelC is basedn measurementgerformedat DESY. Additional vibration of thefinal doublet(FD)
canalsobeincludedin simulations[10, 11]. Thoughmulti-bunchsimulationscan be performedin MAT-LIAR, to
minimize computingtime and becausenulti-bunch effects are normally not of a particularimportancefor TESLA
andcouldbeignored,only onebunchis tracked perpulse,to representhe entiretrain. Two linacsandbeamdelivery
systemge- and e+ beamlines)retracked simultaneously Identical opticsis usedfor e- and e+ parts,however an
increaseof thee-beamenegy spready 0.14%in the TESLA positronproductionwiggler is takeninto account.

Two differentmodelsof the TESLA fastintratrainlP beam-beanfieedbackiave beensimulated.In thefirst (sim-
plified) feedbackmodel,the averagepositionoffsetof thebeamsatthe IP is subtractedeforethe beamscollide. This
modelwould correspondo a BPM basedP feedbackIn the secondeedbacknodel(feedbackwith full optimization
within thetrain) the averageoffsets(positionandanglein this case)aresubtractedthenthe vertical beamseparation
andtheverticalangleareoptimizedto maximizethe luminosityfor therestof thetrain. This feedbaclassumeshata
fastandaccuratduminosity monitorexists. In this way, eachcalculatedoulsecorrespond$o atrain with assumptions
thatall bunchedn thetrain areequallywell correctedoy the feedback.The beamstrahlunghotonsarecalculatedor
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thebeamsawith feedbaclalreadyapplied,andthe calculatedossenthe septumbladearethereforeequivalentto the
averageover thetrain (ignoring bunch-to-tunchpositionijitter in thetrain).

In orderto estimatethe power load on the bladedueto theinitial partof thetrain, wheretheintratrainfeedbackis
sweepindgastto bringthe beamsnto collision, the beam-beansimulationswerealsoperformedwithout applyingthe
IP feedback.The losseson the bladein this casemustbe weightedby the fraction of thetrain notin collision, taking
into accountthe feedbackcorvergencespeed.For example,if oneassumeshattheintratrainfeedbackwill bring the
trainsinto collision within thefirst 5 bunchesthe contribution of thoseb bunchego thetotal powerloadwill beabout
5/28200f the calculatedosseswhere2820is the numberof bunchesn the TESLA 500GeV CM train.

In this way, the beginning of the train (which may have significantoffset), andthe majority of the train (which
is broughtinto collision by the fastintratrainfeedback)are consideredseparately The total averagepower on the
septumbladeis estimatedy addingthesetwo numberswveightedappropriately

Sincetheup anddown directionsareinterchangeabl& simulationsandthe non-ideabeamcanbeasymmetrical,
bothdirectionswerechecledandcomparedin termsof the powerload on septumfor bothe+ande- beams.

4 Realistic Cases Considered

It is essentiathat suchsimulationsare performedfor machineswith realistic misalignmentof beamlineelements
(acceleratingstructuresand quadrupolesand with realistic beamijitter driven,in particular by groundmotion and
vibration. The initial misalignment$ave beenchosenin sucha way thatthe machineproduceduminosity closeto
the nominal (which is assumedo be 34.5¢10%3 cm~2s~1). This approachwill allow, in particulas consideratiorof
realisticemittancegrowth in the linac andrealisticbheam-beaneffects.

Severaldifferentcasesverestudied.

e Casel. A singlenon-idealTESLA machinewasconstructedy assuminghatlinac has200 micron random
misalignmentf acceleratingstructures.Emittancegrowth in the linac was correctedby trans\erselyoffset-
ting someacceleratingstructures.Groundmotion modelC, andadditionalvibration of the final doubletwere
applied. The simplified modelfor theintratrainIP feedbackwasused. Initial luminosity of this machinewas
approximatelyequalto the nominal. This is the samecaseasconsideredn [4] andit is reproducecherefor
consisteng.

e Case 2. Onehundrednon-idealmachinesvas constructedy introducinga setof errorsto thelinac partof a
perfectmachineandthenapplyingone-to-oneorrectionto thelinacto bringthe machinebackto approximately
nominalluminosity. The following threetypesof errorswere used: BPM-to-quadoffset ogpym, RF structure
offsetw.r.t. suney line orr, RF structuretilts w.r.t. suney line orriic (all uncorrelated)Thevaluesusedwere:
(0BPM, ORF, ORFilt) = (25um, 600um, 300urad). The intratrain IP feedbackwith full optimizationwasused
to bring the luminosity of thesemachinescloseto the nominal. Assumingthat suchfeedbackis applied,and
thereareno otherdynamicmisalignmentsthefirst collision wasusedto determingphotonloadfor all hundred
machines.

Case 2a. For oneparticularmachinebuilt asin Case?, groundmotionmodelC wasappliedandtheintratrainlP
feedbackwith full optimizationwasusedfor 256 consecutie trains(which correspond$o 51 sat5Hz TESLA
repetitionrate). Theinitial luminosity of this particularmachinewasequalto the nominal.

e Case2b. Thesameascase2a,but additionalvibration noiseof thefinal doubletwasincluded.

Case 3a. The non-idealmachinewasconstructedn the sameway asin the case2, but a differenterror seed
waschosenThegroundmotionseedwasthe sameasin the case?a. Theinitial luminosity of this machinewas
equalto about80% of thenominal.

e Case 3b. Thesameascase3a,but additionalvibrationof thefinal doubletwasincluded.

In all thesesimulations,only the IP feedbackwastakeninto accountfor dynamiccorrections.No otherfeedback
or orbit correction,eitherin the linac or in the beamdelivery, wasapplied. In principle, the orbit correctionin the
beamdelivery shouldbe taken into account,sinceits absenceaesultsin a slow decreasef the luminosity which is
alreadynoticeableafterapproximatelyhundredpulses.
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Figure3: Onehundrechon-ideaimachinegCase2). Totalbeamstrahlungowerversuduminosityof thefirst collision
(left plot) andprobability distribution of the power (right plot) for all machinesconsidered.
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Figure 4: One hundrednon-idealmachines(Case2). Beamstrahlungpower on septumversusluminaosity of the
first collision (left plot) and probability distribution of the power (right plot) for all machinesconsidered.Note the
logarithmicscalefor power onthe septunblade.

5 Resultsand Discussion

The resultsfor Case 1 (consideredn [4] and quotedin [1]) are presentedn Fig.12-16. Fig.12 shaovs the beam
position at the IP beforethe simplified IP feedbackis applied,and the luminosity after feedbackis applied. (All
picturespresentedor casel shov pulses140to 170 of the total 256 calculated. This correspondgo a sequence
of particle datafiles saved in this simulation). The averageluminosity for this sequencef pulsesis about75% of
nominal. Fig.12alsoshaws that, for this sequencef pulsesthermsof the beampositiondifferencebeforefeedback
wasabout37nm,whichis still smallcomparedvith the quotedin TDR capabilitiesof the fastintratrainfeedback.
The total photonpower for the non-idealbeamis shovn in Fig.13. One canseethat the total photonpower is
about500kW, i.e. about50%higherthanfor theideal Gaussiabeams Without IP feedbackthetotal poweris about
650kW. The photondistributionsfor the non-idealbeamafterbeingbroughtinto collision by feedbackareshovn in
Fig.15. Thesedistributionsarewider thanfor theideal beam(especiallyin y), causingthe losseson the bladeto be
about1500- 2500W on averagedependingon the beam(seeFig.14,left plot). This figurealsoshavs thatthe losses
fluctuatesignificantlyfrom pulse-to-pulse The obsened lossesare hundredgimeshigherthanwhat was statedfor
theidealbeams Again, thesdossesareaveragedver mary trains,andthereforethey arerelevant.
Thephotondistributionsfor thenon-ideabeamnotyetbroughtinto collisionis evenwider andalsoasymmetrical,
seeFig.16. The Fig.14 (right plot) shows thatfor the beginning of the train the instantaneoufsseson the septum
bladeareabout10 timeshigherthanfor the majority of the train (about8 kW for onebeam,and58 kW for another
in this case).Assumingthatthe feedbackbringsthe beamsnto collision within thefirst 5 bunchesasit is simulated
in [9], the contribution of the beginning of the train to the total power is about5/2820% 58 kW ~ 100W, still small
in comparisorwith therestof thetrain. Therefore higherinstantaneouadsfrom the beginningof thetrain areless
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photonloadon septunreached kW.

idealTESLA beamswith morepronouncedanana-shap€ollision, severalconsec-

utive snap-shotgleft). Right picturesshowv spatialdistribution of beamstrahlunghotonsandangulardistribution of

photonenengy (right). For this collision luminositywas100.5%

Figure6: An examplewith non
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Figure 7: Photonscoming onto one of the blades(Case2a). Photonenegy versusvertical angle (left plot) and
probability distribution of the photonenengy (right plot) for thefirst 256 pulses.

of aproblem.This conclusionassumedhowever, thatthe intratrainfeedbacks not allowedto fail (or to performless
than perfectly) even whencommissioningwhich may malke it very difficult to tunethe final focusandsetupthe IP
feedback.

Resultfor onehundrednachinesonsideredn the Case 2 arepresentedh Fig.3and4. Fig.3shavsluminosityof
thefirst collision of eachmachineversugotal beamstrahlungower. Abouta half of theseonehundredmachinedave
luminositywithin 5% of thenominal. As in the previouscase the mostprobabletotal photonpower is about500kW.
Photonpower load on septumasa function of luminosity; is shovn in Fig.4,togethemwith probability distribution of
the photonpower on the septumblade. One canseethatthereis no significantcorrelationbetweenuminosity and
eitherthe total power or the power load, thoughthe power loadis generallylower if luminosityis higher(at leastin
theluminosityrangefrom 0.95to 1.050f thenominal). Probabilityto have photonloadof 5W, asin Fig.1,is lessthan
several percents.With probability of 30% the power load on septumwill exceedl kW, andwith probability higher
than50%it will exceed300W.

Thesehigh power loadson the septumare mostly dueto the beam-beaninstability, occurringin the colliding
beamsbecaus®f the high disruptionparameteanddrivenby smallinitial offsetsor deformationsn thebunchshape
(banana-lile beams)which alsooftenresultsin asymmetricatlistribution of outgoingphotons A coupleof examples
of collisionsof non-idealbeamstogethemwith photondistributions,areshovn in Fig.5and6. In thesetwo examples
the initial beamshapesare differentandfar from ideal (in the last casethe beamsand outgoingphotonsare quite
asymmetricalput the beamshapesnatcheachotherin suchaway thatthe developmentof instability is delayedand
partly suppressedothatit doesnot causedecreasef luminosity.

Resultsor Case 2a arepresentedhn Fig.7 andFig.17-23.Qualitatively, theresultsaresimilarto the Casel. Some
particularcommentsaregivenbelow.

Fig.7 shavs probability distribution of the photonenepy for the photonscomingonto one of the septumblades
averagedover thefirst 256 pulsesof this case.One canseethat about5% of the hitting photonshave enegy higher
than 30 GeV and about50% of photonshave enegy higherthan 3 GeV. Fig.17 shows that the luminosity (after
feedbackwith full maximization)startsfrom the nominalvalueandslowly decrease® about65%to the endof the
sequenceThis declineof luminosityis causedyy growing aberrationsn the beamdelivery, and could be avoidedif
orbit correctionin thebeamdeliverywereapplied.lt is interestinghowever, to follow thedependencef thepoweron
the septumbladesversusuminosity. Onecanseethatwith luminosity about100%of the nominalthe photonpower
loadis about0.5kW; with L ~ 75%the power reached .5-2kW; andwith L ~ 65%thepowerreached kW. Onecan
alsoseethatpower loadsfor e+ande- beamlinesandiffer significantly

Resultsfor Case 2b are similar to the previous case. Additional vibration of the final doubletresultsin larger
fluctuationsof theluminosityandhigherpower from theinitial partof thetrain, whichis notyetbroughtinto collision
by theintratrainlP feedbackThis caseis presentedn Fig.24to 28.

Resultfor Case 3a arepresentedh Fig.29-35.Theluminosity (afterfeedbackwith full maximization)startsfrom
80% of the nominalvalue and decrease$o about55% to the end of the sequence.The photonpower loadsreach
1-3.5kW atL ~ 80%and2-6 kW atL ~ 55%.

The Case 3b is qualitatively similar to case3a. Again, the additionalvibration of thefinal doubletresultsin larger
fluctuationsof theluminosity andhigherpower onthebladefor theinitial partof thetrain. Correspondingplotsarein
Fig.36t0 40.



To summarizethe correlationbetweenthe averagepower load on the septumbladeandthe luminosity is given
in the Table.1.As alreadymentionedjn thesecaseshe decreas®f the luminosityis causedy aberrationsn beam
delivery system.It appearghattheseaberrationshangethe shapeof the beamsn sucha way thattheseshapesre
no longermatchedo suppresshe beam-beanmnstability. Increasednstability resultsin lower luminosityandhigher
photonloadson septum.

Tablel: Approximaterelationsbetweerthe averagepowerloadson the septumbladeandluminosity obsenedin the
considerectases(IP feedbackis applied.)

Luminosity Casel Case®a,b | Cases3a,b
100% 0.5kW
80% 1-3.5kW
75% 1.5-2.5kW | 1.5-2kW
65% 4 kw
55% 2-6 kW

Therefore,in general,smallerluminosity correspondso higherpower load on the septum. This would make it
especiallyproblematiovhenthe machineis beingcommissione@ndhasnot yet attaineda nominalluminosity.

The correlationof power load andluminosity holdson averageanddepend®n the detailsof the beamshape For
agivensequencef trainsthis correlationmay be absentOnecanseethatfor case?a,the powerloadis uncorrelated
with the luminosity in the rangeof L = 80%to 100% (Fig.23) andfor case3athe power load is uncorrelatedvith
the luminosity in the rangeof L = 60%to 80% (Fig.35). It appearsfrom this obsenation, that one cannotusethe
power load asa signalto maximizeluminosity, andvice versa— maximizationof the luminosity may not necessarily
resultin asmallerpowerloadson septumatleastif theluminosityis within about20% of the maximum.For acruder
optimizationof luminosity, the power load on septum(or a dedicatedievice, notwithstandingary issuesof hardware
survivability) canobviously sene asa signalfor the feedbackwhich maximizethe luminosity, evenwithin a single
train, sincethe power loadsfor the beamnot broughtinto collision aremorethantentimeshigherthanfor the beam
alreadybroughtinto collision by afeedback.

6 Dependenceon theldeal Beam Parameters

In this section,we will studydependencef the losseson the ideal beamparameters.We checkseveral standard
setsof parameterandalsoinvestigateparametershat might be encounteredvhencommissioning Note thatfor this
parametestudy anideal Gaussiarbeamwasused,calculatedwith large (300K) numberof particles,so that beam-
beaminstability is suppressedTherefore all theseresultson dependencen parametergre preliminaryandneedto
beaugmentedby consideratiorof non-idealbeams.

Threecasef standargarameterarecomparedelow (all for ideal Gaussiarbeams):

e StandardlESLA 500GeV CM parameteset
o}/0y = 554/5 nm, Bx/B; = 15/0.4 mm, 5, = 300um, N = 2. 10'°

o Alternative TESLA500GeV CM parametersiith half theverticaldisruptionparameteby, wherethesensitvity
to the“bananaeffect” would bereducedsee[1], TESLA ProjectDescription). The bunchlengtha; is halved,
150um insteadof 300um (this would requirea secondounchcompressor)the horizontalbetafunctionatthe IP
is 20 mminsteadof 15 mm, andthe verticalbetafunctionis 0.3 mm insteadof 0.4 mm.

e StandardTESLA 800GeV CM parameteset
oy/0; = 391/2.8 nm, B;/B; = 15/0.4mm, g, = 300um, N = 1.4- 10"

Resultsfor thesecasesare showvn in Fig.8. One can seethat even for the ideal beam,the photonanglesare
noticeablywider for the alternatve 500 GeV parametersetwith low Dy thanfor the standardparameterset, and
extendinto the angularrangeof the septum.Pawver load on septumis about100W evenfor this ideal beam,which
canhardly be anadvantageof this parameteset. Of courseit is possiblethatwhenconsideringhon-idealbeamswith
theseparameterghe beam-beannstability will besmallerandwill notincreasehe photonload ontheseptum.

On the otherhand,the situationseemso be betterfor the 800 GeV parametersFor the ideal beamthe photon
anglesareabouthalf that for 500 GeV beamparametersNon-idealbeamsmustbe studiedfor this caseaswell to
verify the conclusionsbecaus®y is actuallylargerthanfor the 500 GeV parameters.
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with differentparametersnominal500GeV CM casealternative 500 GeV CM parametesetwith halveddisruption
parameteDy (reducedsensitvity to “banana’effect); nominal800GeV CM case.
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agedfor negative andpositive directions bottomplot) versusbunchpopulationfor nominal500GeV CM caseandfor
the500GeV CM parametersvith largerverticalbeamsize (7nminsteadof nominal5nm).

It is alsoimportantto understandhow the photonloadwould behae towardsthe endof commissioningwhenthe
beamparameterarecloseto nominal.Let's consideragainthe standardb00GeV caseandsupposehatall parameters
arealreadynominal, but the verticalbeamsizeis larger (which could be a realisticscenario).Let's assumehat the
verticalsizeis oy = 7 nminsteadof thenominal5 nm. Onecanseefrom the Fig.9 andFig.10thatthe power load on
the septumwill increasdrom about5 W to about120W for oy = 7 nm. (Thesesimulationswerealsoperformedfor
ideal Gaussiartbeamssothe power numbersarejustanindication).

Supposeow thatwe wantto decreas¢he beamcurrentto reducethe photonloadto the samevalueasobsened
for the nominalbeam.Dependencef the photonpower load on the bunchpopulationis shawvn in Fig.9. Onecansee
thatonewould needto decreas¢hecurrentto aboutN = 1.3- 10'° with respecto thenominal2- 10, in orderto keep
the power loadatthe samdevel. Thiswould imply thattheluminositywould bereducedo (5/7) * (1.3/2)? ~ 30%-—
amuchlargerreductionthanwhatonewould expectjust from the beamsizeincrease.

Fromthis parametestudy wheredifferentoy, a;, N andthe beamenegy wereconsideredpnecould suggest
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Figure 10: Vertical distributions of beamstrahlunghotonsfor the ideal beamswith differentparametersnominal

500GeV CM case(left plot); 500 GeV CM parametersvith largerverticalbeamsize (7nminsteadof nominal5nm)
andsmallerbunchpopulation(right plot).

very tentatve scalingfor the maximalverticalanglesof photongfor theideal Gaussiarbeams):

Thoughthe total photonpower depend®n the beamenegy, thereseemdo be no dependencef the maximalphoton
angleonthebeamenegy. Thescalingof the photonangleson parameterggivenabove, maynotbequite obvious. For
example,the disruptionanglesof particlesafter beam-beaninteraction,asdeducedrom computersimulations,are
givenby 6, ~ 0.55Dy0, 051 (1+ (0.5Dy)5)~/® [7] which for large Dy behaesas, ~ Dy °ay /0, andalmostdoes
notdependon thebunchpopulationN in contrastwith the photonangles.

Summarizingthe alternatve TESLA parameteset,intendedto halve the disruptionparameteandreducesensi-
tivity to “bananaeffect”, would have similar or higherphotonloadsin comparisorwith the standarcbarametersThe
problemof photonloadsbecomesnoreseverein the commissioningnode,whentheverticalbeamsizeis still larger
thanthe desiredvalue. Again, this studyof parametedependencés for idealbeamsonly, andshouldbe augmented
by consideratiorof non-idealbeamsto accountfor the effect of beam-beanmstability.
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E£500f 1
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0 e s ,
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N rays
Figurell: Luminosity, totalbeamstrahlungowerandphotonpowerloadon septumversusmumberof macro-particles
perbeamusedin beam-beansimulations.ldeal Gaussiarbeamanda beamwith artificial smallsin-like distortionof
theverticalshape.
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7 On theaccuracy of beam-beam calculations

In all thesestudies beam-beansimulationsfor the non-idealbeamaveremadewith 12K macro-particleperbeam.
Theaccurag of the luminosity andpower estimationscanbe judgedfrom Fig.11. In this case collisionsof anideal
Gaussiameamwerecomparedvith collisionsof thebeamsawhich have smallsin-like (or banana-lile) distortionof the
verticalshape Suchbeamswveregeneratedvith exactly the sameshapebut with differentnumbersof macro-particles
andthentheresultswerecomparedOnecanseefrom Fig.11thatwith 12K macro-particlesepresentinghenon-ideal
beam theaccurag of luminosityandtotal power estimationis within severalpercentsandtheaccurag of the photon
power load on septumestimationis within about30%which s suficient.

Onecanseethatfor theidealbeam atleast300K macro-particleareneededo accuratelyestimatethe luminosity
andphotonpower. Note again,thatthe large numberof macro-particlesn this casereducesstatisticalfluctuations
in the beamandthereforesuppresdeam-beaninstability. Thoughstudyingthe ideal beamscould be useful,asa
necessarfirst step,suchpreciselysymmetricabeamscannotberealizedin practice.

8 What isnot included or needsto be studied further

In this note, it is assumedhat fastfeedbackcanstartimmediatelyfrom the beginning of the train. The beginning of
thetrainmayhave anirregulartrans\ersepatterndueto high ordermodesHOM) thathave notyetreachedhesteady
stateof HOM excitation. Accordingto the TDR, this patternis static(reproduciblefrom pulseto pulse)andcanbe
removedby feed-forwardcorrectionatthe endof thelinac. If the startof the fastfeedbackis delayedwith respecto
the startof thetrain, for any reasonthe contribution to the photonload on the septumfrom the beginning of thetrain
will correspondinglyncrease.

In the simulationof theintratrainfeedbackthe beampositionandanglesweresimply adjustedoeforebeam-beam
simulationsandnot obtainedby changeof thecorrespondingorrectordan thebeamline Therefore ary dispersioror
otheraberrationghatcouldresultfrom thesecorrectoravereignored.

Therearestudieghatsuggesthickeningtheseptummagnebladeto 5 mm. This couldresultin evenhigherpower
loads,but perhapdgacilitatecooling.

Photonloadson otherbeamlineelementsieedto bereevaluated.

Themulti-buncheffectsandin particularthebunch-to-tunchpositionjitter or shapgitter of thebuncheswithin the
train werenot takeninto account.Effectssuchaswake fieldsin the beamdelivery collimators,which could enhance
beampositionijitter [8], werenotincludedeithet

Pawverloadson septumwereestimatedassimplesumof enegy of all hitting photons.Detailsof interactionwith
materialandsurvivability of septum(or masksshadaving septum)shouldbeinvestigated Othermitigationmeasures
(suchasintroductionof a horizontalcrossingangle),shouldbe evaluated.

9 Conclusion

In imperfectrealisticconditionstheaveragebeamstrahlunghotonpowerloadon the TESLA extractionseptunmblade
canreachthe kilowatt level insteadof severalwattsexpectedfor anidealbeam.High photonloadson the extraction
septumblademay poseserioudimitation of the presentlesignandshouldbe investigatedurther.
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Figuresfor Case 1

TESLA, beams at IP BEFORE feedback
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Figure12: Positionsof thebeamsatthe IP beforeidealizedIP feedbackis appliedversuspulsenumber(at5 Hz), top

plot. Luminosity versuspulsenumberwith simplified intratrainIP feedback(averageX andY offsetsareremoved
beforecollision), bottomplot.
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Figurel13: Total power of beamstrahlunghotondor theidealbeamandfor thenon-idealbeambroughtinto collision
by idealizedfeedback,left plot. Total power of beamstrahlungphotonsfor the non-idealbeamnot broughtinto
collision, right plot.
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Figure14: Pawver of beamstrahlunghotonshitting the bladeof the septum Left plot: for the non-idealbeamalready
broughtinto collision. Right plot: for the non-idealbeamnot yet broughtinto collision (in this casethelosseson the
bladeshouldbeweightedby thefraction of pulsesbeforethe feedbackwould bring the beamsnto collision).
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Figure15: Horizontal(left) andvertical (right) distributionsof beamstrahlunghotonsfor theidealbeamandfor the
non-idealbeamafterbeingbroughtinto collision (averagefor pulses140-170).
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Figure16: Horizontal(left) andvertical (right) distributionsof beamstrahlunghotonsfor the idealbeamandfor the
non-idealjittering beamnot yet broughtinto collision (averagefor pulsesl40-170).
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Figuresfor Case 2a

Beams at IP before feedback
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Figure 17: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber top plot. Lu-
minosity versuspulsenumberbeforeary feedback after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision), andafterintratrainIP feedbackwith full optimization(Y andY’ adjustedo maximize

luminosity),bottomplot.
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Figure18: Total power of beamstrahlunghotongor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization left plot. Total powerof beamstrahlunghotondor thenon-ideabeamnotbrought

into collision, right plot.
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Figure19: Paver of beamstrahlunghotonshitting thebladeof the septuntor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Right plot shav the samepower averagedover 16 pulses.
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Figure 20: Power of beamstrahlunghotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in this casethelosseson thebladeshouldbeweightedtakinginto accounthow fastthe feedbackvould

bring thebeamsnto collision).

Photons from IP

T T
ideal

— <beam 1>
100 || — <beam 2>

[10*? GeV mrad™* bc™Y]

E
Y

X' [mrad]

10

[
o
=)

[1012 GeV mrad * bc™}

E
Y

w

=
© I

Photons from IP

ideal
— <beam 1>
— <beam 2>

-4

10

17

-0.2 -0.1 0 0.1 0.2 0.3
y' [mrad]
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Figuresfor Case2b

Beams at IP before feedback
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Figure 24: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber top plot. Lu-
minosity versuspulsenumberbeforeary feedback after simplified intratrainIP feedback{averageX andY offsets
areremovedbeforecollision), andafterintratrainIP feedbackwith full optimization(Y andY’ adjustedo maximize

luminosity),bottomplot.
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Figure25: Total power of beamstrahlunghotondor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization left plot. Total powerof beamstrahlunghotondor thenon-ideabeamnotbrought
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Power on septum, +fd noise
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Figure26: Paver of beamstrahlunghotonshitting thebladeof the septuntor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Right plot shav the samepower averagedover 16 pulses.
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Figure27: Paner of beamstrahlunghotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
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bring thebeamsnto collision).

10 Photons from IP, +fd noise . Photons from IP, begmmng of the train, +fd noise
ideal 10 |dea| ‘ ‘ ‘ ‘ ‘
—— <beam 1> —— <beam 1>
— <beam 2> —— <beam 2>
0
10 10
A oN
a 3
10" 7
B 510
E £
$ 3
~ 107 N 10
2 g
w” :>
10° 10°
10" 107 ‘ ‘ ‘ ‘ ‘ ‘
s : . . -04 -03 -0.2 -01 0 0.1 0.2 0.3 0.4
y' [mrad]

y’ [mrad]
Figure 28: Vertical distribution of beamstrahlungphotonsfor the ideal beam,for the non-idealbeamafter being

broughtinto collision (left plot) andfor the non-idealjittering beamnot yet broughtinto collision (right plot), average
for pulsesl-256.

20



Figuresfor Case 3a

Beams at IP before feedback
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Figure 29: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber top plot. Lu-
minosity versuspulsenumberbeforeary feedback after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision), andafterintratrainIP feedbackwith full optimization(Y andY’ adjustedo maximize
luminosity),bottomplot.
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Figure30: Total power of beamstrahlunghotondor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization left plot. Total powerof beamstrahlunghotondor thenon-ideabeamnotbrought
into collision, right plot.
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Figure31: Paverof beamstrahlunghotonshitting thebladeof the septuntor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Right plot shav the samepower averagedover 16 pulses.
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Figure 32: Pawer of beamstrahlunghotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
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Photons from IP, beginning of the train
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Figure34: Horizontal(left) andvertical (right) distributionsof beamstrahlunghotonsfor theidealbeamandfor the
non-idealjittering beamnotyet broughtinto collision (averagefor pulsesl-256).
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Figure35: Powver on the septumbladeversuduminosity for the beamsafter beingbroughtinto collision by feedback
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Figuresfor Case 3b
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Figure 36: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber top plot. Lu-
minosity versuspulsenumberbeforeary feedback after simplified intratrainIP feedback{averageX andY offsets
areremovedbeforecollision), andafterintratrainIP feedbackwith full optimization(Y andY’ adjustedo maximize
luminosity),bottomplot.

Photons from IP, total power, +fd noise

650 ‘ ‘ ‘ Photons from IP, total power, beginning of the train, +fd noise
— beam 1 750 T T T . T
— beam 2 — beam1
600H - - ideal 1 700 - Sizzrln i
650
550
600
5500 z
5 il 5
z | 'ﬁ IRV | 5 550
<] I B
o o
450 =500
g :
e
400 | 4501
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4001
3501
sF 1t
300 . . . . .
50 100 150 200 250 300 300 50 1(‘)0 1‘50 2(‘)0 2‘50 300
pulse number

pulse number

Figure37: Total power of beamstrahlunghotondor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization left plot. Total powerof beamstrahlunghotondor thenon-ideabeamnotbrought
into collision.
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Power on septum, +fd noise
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Figure38: Paver of beamstrahlunghotonshitting thebladeof the septuntor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Right plot shav the samepower averagedover 16 pulses.
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Figure 39: Paver of beamstrahlunghotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in this casethelosseson thebladeshouldbeweightedtakinginto accounthow fastthe feedbackvould

bring thebeamsnto collision).
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Figure 40: Vertical distribution of beamstrahlungphotonsfor the ideal beam,for the non-idealbeamafter being
broughtinto collision (left plot) andfor the non-idealjittering beamnot yet broughtinto collision (right plot), average

for pulsesl-256.
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