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Beam Polarization at the ILC: the Physis Impat andthe Aelerator SolutionsB. Aurand1, I. Bailey2, C. Bartels3, A. Brahmann4, J. Clarke5, A. Hartin3;6,J. Hauptman7, C. Helebrant3, S. Hesselbah8, D. K�afer3, J. List3, W. Lorenzon9,I. Marhesini3, K. M�onig3, K.C. Mo�eit4, G. Moortgat-Pik8, S. Riemann3,�A. Sh�alike3, P. Sh�uler3, P. Starovoitov10, A. Ushakov3, U. Velte3, J. Wittshen1, M. Woods41- Phys. Inst., University of Bonn, Germany; 2- Cokroft Inst., University of Liverpool, UK;3- DESY, Hamburg and Zeuthen, Germany; 4- SLAC, Stanford, USA;5- Daresbury Laboratory, UK; 6- JAI, Oxford, UK;7- Iowa State University, USA; 8- IPPP, University of Durham, UK;9- University of Mihigan, USA; 10- NCPHEP, Minsk, Belarus;In this ontribution aelerator solutions for polarized beams and their impat onphysis measurements are disussed. Fous are physis requirements for preision po-larimetry near the interation point and their realization with polarized soures. Basedon the ILC baseline programme as desribed in the Referene Design Report (RDR),reent developments are disussed and evaluated taking into aount physis runs atbeam energies between 100GeV and 250GeV, as well as alibration runs on the Z-poleand options as the 1TeV upgrade and GigaZ.1 IntrodutionWith the start of LHC operation the physis frontier will be opened to very high energies.The full understanding of the results requires ompletion by preision measurements with alepton ollider. Due to parity violation in weak interations polarized beams are essentialto unravel new phenomena and will play a ruial role in that programme.The beam polarization and its importane for physis at an e+e� ollider has been disussedin details over years. A omprehensive overview on the physis prospetives with polarizedbeams an be found in referene [2℄. The fous of this ontribution is beam polarization andits preise measurement. As preision luminosity and energy measurement, the performaneof polarimeters has to be impliated in the the mahine design from the beginning to ahievethe physis goals for a future lepton ollider as the ILC. The baseline on�guration for theILC is desribed in the Referene Design Report (RDR) [3℄. The eletron beam will behighly polarized: based on the experiene of SLAC, at least 80% polarization are expeted.The polarization near the ollision will be measured with Compton polarimeters positionedupstream and downstream the interation point (IP). The omplementarity of these twopolarimeters as well as the exibility of the suggested solutions for various ILC energies willbe disussed in setion 4.In ompliane with the RDR [3℄, the positron soure on�guration of the ILC is based onthe helial undulator and provides a polarized positron beam. The degree of positron beampolarization is smaller than planned for the upgrade, about 30% { 45%, but suÆient to beused for physis measurements.In order to preserve the polarization, the spin vetors have to be aligned parallel to therotation axis of the damping ring. Hene, in the eletron and positron line spin rotator�Corresponding author: sabine.riemann�desy.deLCWS/ILC2008
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systems [4℄ rotate the spin vetor from the longitudinal to the vertial diretion before theDamping Ring (DR) and bak after. However, there is one deisive feature: the heliity ofthe eletrons an be hosen on a train-by-train basis by swithing the laser polarization. Theheliity of positrons is de�ned by the orientation of the helix winding in the undulator andadditional instrumentation is needed to provide fast heliity reversal also for positrons. Thefat that this instrumentation is not yet inluded in the baseline design initiated disussionswhether fast heliity reversal would be really needed taking into aount also the osts. Theonsequenes of fast or slow heliity reversal will be pointed out in in setion 2.Reently the high preision polarization measurement near the IP has been ompromisedby proposals to ombine mahine instrumentation and protetion equipment with the po-larimeter hiane. The impat of suh design on polarimetry has been disussed at thisand previous workshops, details an be found in referenes [5, 6℄. Here in this ontribu-tion, the basi polarimeter design required for appropriate and reliable ILC polarizationmeasurements will be emphasized.2 The Preision RequirementsThe strong potential of the ILC is the preision: Standard Model proesses as fermion pairprodution, W+W� and also the Higgs prodution, will be obtained with high statistisand allow unertainties at the per-mille level. This demands measurements of energy andluminosity with high stability and with preision at a level O(10�4) as mentioned in thephysis part of the RDR [7℄. The hallenge of polarization beomes lear by omparingunertainties in statistis, luminosity and energy with the preision that an be ahieved forpolarization measurements: ��� / 1pN � �LL � �EE � �PP : (1)Studies also presented at this workshop [8℄ show that a preision of �P=P � 0:25% ispossible (see also setion 4).There are three methods to measure polarization of olliding beams: upstream and down-stream of the IP, as well as using annihilation events.2.1 Basi RemarksIn general, the ross setion for s-hannel proesses an be written as��� = 14�0 [1� jPe+ jjPe� j+ALR (�jPe+ j � jPe� j)℄ (2)��� = 14�0 [1 + jPe+ jjPe� j+ALR (�jPe+ j � jPe� j)℄ (3)where `+ �', `� �', `� +' and `+ +' are the di�erent ombinations of heliities in the initialstate, ALR the Left-Right asymmetry and �0 the unpolarized ross setion. In the StandardModel, the ross setions ��� are zero for 100% polarized beams. The asymmetry, ALR,an be determined from the measured left-right asymmetri ross setions withALR = ��+ � �+���+ + �+� � 1� Pe+Pe�Pe+ � Pe� = AmeasLRPeff ; (4)LCWS/ILC2008



and the unpolarized ross setion is�0 = 12 � ��+ + �+�1� Pe+Pe� : (5)In ase of eletron polarization only, these observables simplify to�� = �0 [1�Pe� ALR℄ ; ALR = �� � �+�� + �+ � 1Pe� = AmeasLRPe (6)The event numbers, N�� and N�� are measured if the luminosities L��, L��, are deliveredto the di�erent initial states with the polarizations (�jPe� j;�jPe+ j) and (�jPe� j;�jPe+ j).If the luminosity is equally distributed to the '� +' and '+ �' initial states, L�� = L��,the Left-Right asymmetry is ALR = N�+ �N+�N�+ +N+� � 1Peff : (7)From equations (4) { (7) one infers that only the luminosity-weighted averaged polarizationmatters. Negleting the unertainties of energy and luminosity, the error on ALR is�ALR =r1� P 2 �A2LRNP +A2LR (�P )2P 2 ; (8)where P is either Peff if both beams are polarized or Pe� in ase of eletron polarization only.For high statistis �ALR is dominated by the unertainty of the polarization measurement.Beause of error propagation the unertainty of the e�etive polarization, �Pe�=Pe� , is on-siderably smaller than the unertainty of the individual polarizations Pe+ and Pe� . In addi-tion, with polarized e+ and e� the luminosity is e�etively inreased by a fator 1+jPe+Pe� j.This great advantage an be utilized for measurements if the luminosity-weighted polariza-tions are equally distributed only to 'opposite' initial states, i.e. '+ �' and '� +'. Otherwise,orretions and error propagation would lead to larger errors, and systemati unertainties,in partiular time-dependent unertainties, do not anel. The individual polarizations, Pe�and Pe+ our linearly and bi-linearly in equations (2) and (3). That ompliates even tinyorretions substantially and requires also the knowledge of orrelations between Pe� andPe+ .All these fats emphasize the importane of high preision polarization measurement inlud-ing high time resolution and ross heks.3 Polarized Soures3.1 Polarized Eletron SourePolarized eletrons are produed from a DC photo-athode gun. With fast Pokels ellsthe irular polarization of the soure laser beam is set and an be reversed train-to-train,thereby allowing fast reversals of the eletron spin. A Mott polarimeter loated in a di-agnosti line will be used to determine the eletron polarization near the soure. Normal-onduting strutures are used for bunhing and pre-aeleration to 76MeV, afterward thebeam is aelerated to 5GeV in a superonduting lina. Before injetion into the dampingring the spin is rotated to the vertial with superonduting solenoids, the rotation bak toLCWS/ILC2008



the longitudinal is performed before injetion to the main lina. A separate superondutingstruture is used for bunh ompression. The sketh of the eletron soure as given in theRDR is shown in Figure 1. Spin rotation at the soure ould be done also at lower energies

Figure 1: Sketh of the eletron soure as given in the RDR.as proposed in referene [9℄. The requirements for the solenoid are less stringent for spinrotation at 1.7GeV; detailed studies how suh system ould be implemented have still to bedone. Spin rotation near the gun using a Wien �lter is not reommended sine substantialemittane growth is expeted [10℄.Conerning polarization, harge and lifetime, the SLC polarized eletron soure meets theILC requirements. But the long bunh trains need a speial laser system and normal on-duting RF strutures that an handle the high RF power. Both requirements are onsideredas manageable.3.2 Polarized Positron SoureThe positron soure uses photo-prodution to generate positrons [3℄. The eletron mainlina beam passes through a long helial undulator to generate a multi-MeV photon beam,whih then strikes a thin metal target to generate positrons in an eletromagneti shower.The positrons are aptured, aelerated, separated from the shower onstituents and unusedphoton beam and then are transported to the Damping Ring. Although the baseline designonly requires unpolarized positrons, the positron beam produed using a helial undulatorhas a polarization of Pe+ ? 30%. Simulation studies show that bunh (energy) ompres-sion would inrease the positron apture eÆieny at the soure, with whih the positronpolarization ould even reah Pe+ ? 45% at the beginning of the ILC physis program. [11℄.Beamline spae has been reserved for an upgrade to 60% polarization. A sketh of the ILCpositron soure as desribed in the RDR is presented in Figure 2.Low energy polarimetry for the positron beam is not foreseen in the RDR. Di�erent methodsand positions for a polarimeter have been studied [12℄ based on the speial parameters of thepositron beam at the soure, in partiular the relative large transverse beam size. DiretlyLCWS/ILC2008



Figure 2: Sketh of the positron soure as given in the RDR.after the apture setion (125MeV) a Compton transmission polarimeter an be used, afterpre-aeleration at 400MeV a Bhabha polarimeter and after the damping, at 5GeV beforethe main lina, a Compton polarimeter is reommended to measure the positron beampolarization.3.2.1 Spin Rotation at the Positron SoureThere are two ways to use the positron beam:1. Physis measurements with a positron polarization of about Pe+ ? 30� 45%.2. Unpolarized positrons at the e+e�{IP.In the �rst ase (1), the polarized positron beam is transported to the e+e�{IP with minimalspin di�usion and the degree of polarization is measured with high preision of 0.25% nearthe interation region with upstream and downstream polarimeters (see next setions). Spinrotator systems are desribed in the RDR and are inluded in the positron beam transportlines from the Lina to the Damping Ring (LTR) and from the Damping Ring to the Lina(RTL). The polarized positrons ollide with polarized eletrons whose heliity is reversedvery frequently (train-by-train). Following the disussion in setion 2.1, it must be possibleto ip the positron heliity with the same rate. In the urrent baseline design, however, thepositron heliity an only be slowly reversed by hanging the polarity of the superondutingspin rotator magnets. As a onsequene, the luminosities and the luminosity weightedpolarizations are di�erent for the measurements, systemati unertainties do not aneland �nally the required preision annot be reahed. With a positron heliity reversalless frequent than for eletrons half of the running time will be spent on the ineÆientheliity ombinations '+ +' and '� �', any gain for the e�etive luminosity due to positronpolarization is lost.Hene it is strongly reommended to modify the baseline on�guration to provide ran-dom seletion of the positron heliity train-by-train by implementing parallel spin rotatorbeamlines and kiker systems in the positron Lina-to-Ring system (LTR) (see also ref-LCWS/ILC2008



erenes [6, 13℄). Positron spin rotation and ipping ould be done at 5GeV [14℄ usingsuperonduting solenoids or at 400MeV [9℄.As for the eletron soure, at 5GeV superonduting solenoids are neessary to rotate thespin from the transverse horizontal to the vertial diretion, at 400MeV the solenoid magnetsan be normal onduting and they an be smaller, demanding less tunnel spae. Thesemodi�ations would simplify the engineering for these systems, and redue the osts. But inboth ases, at 400MeV and at 5GeV, two rotation lines are needed for two opposite vertialspin diretions. A fast kiker distributes the positron trains to the di�erent lines.In the seond ase (2), the 30-45% positron polarization are not delivered from the soureto the experiment. The spin rotation lines are not needed in the positron line but a spe-ial sheme after the positron damping ring needs to be devised to ompletely destroy thepositron polarization in order not to adversely e�et the physis measurements. Spin trak-ing studies [15℄ have shown that the horizontal projetions of the spin vetors of an e+or e� bunh do not fully deohere in the damping ring, even after 8000 turns. The zeropositron polarization also needs to be measured with high preision. Further studies areneeded to ensure a left-over positron DC polarization of about 0.1% will not a�et physismeasurements, whih ould result in the need for an even higher preision in this ase.In both ases, (1) and (2), it is required to measure the positron polarization with highpreision, the replaement of the spin rotation and ip faility by a devie to destroy thepolarization to save osts is not reommended regarding the physis physis potential withpolarized positrons.4 Polarimetry near the Interation PointThe ILC o�ers three methods to measure polarization after aeleration: upstream anddownstream of the IP, as well as using annihilation events. Compton polarimeters are usedupstream and downstream. The working priniple Compton polarimeters an be foundfor example in referene [16℄. The longitudinally polarized eletron (positron) beam is hitalmost head-on by a irularly polarized laser. The energy spetra of the sattered partilesdepend on the produt of polarizations of laser and lepton beam. The measured asymmetryresulting from polarization reversal is proportional to the beam polarization.The two polarimeters are highly omplementary. The upstream polarimeter has a muhhigher ounting rate and time granularity whih is important for orrelation measurements.The downstream polarimeter has aess to the depolarization in the interation. The po-larimeters provide orretions and measure the polarization on short sales. Without olli-sions the two polarimeters an alibrate eah other.With the small errors envisaged at the ILC, it is indispensable for the �nal polarizationmeasurement at the ILC to have upstream and downstream polarimetry and to get anabsolute alibration from annihilation data. Cross hek of the di�erent ways to measurepolarization is mandatory; this has also been on�rmed by the polarimetry experiene atSLC and by the beam-energy measurements at both, LEP and SLC.To keep the orretions and systemati unertainties small, i.e. every e�ort should be madeto ip the heliity of eletrons and positrons frequently, if possible train by train.LCWS/ILC2008



4.1 The Upstream PolarimeterThe upstream polarimeter is loated at the beginning of the Beam Delivery System (BDS),upstream of the tuneup dump and at a distane of roughly 1.8 km to the e+e�{IP. Inthis position it bene�ts from lean beam onditions and very low bakgrounds ompared toany loation downstream of the IP. It is therefore suited to provide very fast and preisepolarization measurements before ollisions.A omplete oneptual layout for the upstream polarimeter had already been worked outfor TESLA in 2001 [16℄. However, for the ILC, a dediated hiane-based spetrometerwas adopted for upstream polarimetry in 2005, as this on�guration allows the usage of asingle laser wavelength at all beam energies when the spetrometer is operated with a �xedmagneti �eld. The Compton edge at the detetor surfae is the same for all beam energiesproviding a homogeneous detetor aeptane and equal performane for all enter-of-massenergies. The layout and priniple of the upstream polarimeter hiane is shown in Figure 3:the Compton IP moves laterally with the beam energy; laser, vauum hamber and detetorhave to be designed aordingly.

Figure 3: Sketh of the upstream polarimeter.In this original design with a dediated �xed-�eld hiane, the upstream polarimeter promisedto be a superb and robust instrument with broad spetral overage, very low bakground,exellent statistial performane for all mahine bunhes, and a high degree of redundany.If equipped with a suitable laser, for example a similar one as used at the FLASH soure,it an inlude every single bunh in the measurement. This will permit virtually instantreognition of variations within eah bunh train as well as time dependent e�ets that varytrain-by-train. The statistial preision of the polarization measurement will be already 3%for any two bunhes with opposite heliity, whih leads to an average preision of 1% foreah bunh position in the train after the passage of only 20 trains (4 seonds). The averageover two entire trains with opposite heliity will have a statistial error of �P=P = 0:1%.The statistial power of the upstream polarimeter depends almost exlusively on the em-ployed laser and therefore to �rst order fatorizes from other design aspets. However theruial issue whih drives the design of the whole polarimeter is to reah an unpreedentedLCWS/ILC2008



low systemati unertainty of ÆP=P � 0:25% or better [17℄ with the largest unertaintiesoming from the analyzing power alibration (0.2%) and the detetor linearity (0.1%).To obtain a useful polarization measurement the beam trajetories are required to be alignedto less than 50 �rad at the upstream Compton-IP, the ollider-IP, and the downstreamCompton-IP. This should be ahievable by the beam delivery system (BDS) alignment asdesribed in the RDR.However, the impat of magnets in the interation region and the rossing angle on the spinalignment needs to be addressed more thoroughly. In the extration line, orretor magnetsare needed to suessfully ompensate possible deetions resulting from misaligned beamand detetor solenoid axes.In an e�ort to redue the ost of the long and expensive BDS system, the BDS managementdeided in autumn 2006 to ombine the upstream polarimeter hiane with other diagnostiand mahine funtions (mahine protetion system). With the mahine protetion system(MPS) energy ollimator in the polarimeter hiane the upstream polarimeter has to beoperated with 'saled magneti �eld' , the exellent polarimeter performane over the wideILC energy range is lost. Another suggestion is laser wire emittane diagnostis with adetetor in front of the seond dipole triplet of the polarimeter hiane as an be seenalso in Figure 3. It is expeted that this detetor reates huge bakground unaeptablefor polarimetry. The onsequenes of ombining the upstream polarimeter hiane withother diagnosti and mahine funtions were disussed at the Workshop on Polarization andEnergy Measurement in April in Zeuthen [6℄ and at this workshop [5℄. Better solutions willbe found.4.2 The Downstream PolarimeterThe downstream polarimeter is loated about 150 m downstream of the e+e�{IP in the ex-tration line and on axis with the IP and IR magnets. It an measure the beam polarizationboth with and without ollisions, thereby testing the alulated depolarization orretionwhih is expeted to be at the 0.1-0.2% level. A omplete oneptual layout for the down-stream polarimeter exists, inluding magnets, laser system and detetor on�guration.Figure 4 presents the sketh of the extration line polarimeter as shown in the RDR. Thedownstream polarimeter needs a six-magnet hiane [18℄; the additional two magnets afterthe Compton detetor allow to operate the third and fourth magnets at higher �eld to deetthe Compton eletrons further from the beam line and to return the beam to the nominaltrajetory.Three 10 Hz laser systems an ahieve Compton ollisions for three out of 2800 bunhes ina train. Eah laser will sample one partiular bunh in a train for a time interval of a fewseonds to a minute, then selet a new bunh for the next time interval, and so on in a pre-determined pattern. The Compton statistis are high with about 300 Compton satteredeletrons per bunh in a detetor hannel at the Compton edge.With this design, a statistial unertainty of less than 1% per minute an be ahieved foreah of the measured bunhes. This is dominated by utuations in Compton luminositydue to beam jitter and laser targeting jitter and to possible bakground utuations. Thestatistial error due to Compton statistis in one minute, for a bunh sampled by one laser, is0.3%. However, if ompared to the average preision of the upstream polarimeter, a similarpreision for eah bunh position in a train ould only be reahed after about 17 hours.Bakground studies have been arried out for disrupted beam losses and for the inuene ofLCWS/ILC2008



Figure 4: Sketh of the downstream polarimeter.synhrotron radiation. There are no signi�ant beam losses for the nominal ILC parameterset and beam losses look aeptable even for the low power option. A synhrotron radi-ation ollimator protets the Compton detetor and no signi�ant synhrotron radiationbakgrounds are expeted. The systemati preision is expeted to be about 0.25%, withthe largest unertainties oming from the analyzing power alibration (0.2%) and detetorlinearity (0.1%).In addition, it is desired to orrelate the downstream polarimeter measurements with beamposition measurements (BPM) at the e+e�{IP [19℄ by providing information from the BPMsystem to the polarimeter DAQ inluding bunh number identi�ation.4.3 Depolarization at the IPFor high preision measurements depolarization e�ets in the mahine have to be known. De-polarization ours during bunh rossing beause of beam-beam e�ets or ould be ausedby misalignment, i.e. ground motion indued misalignment. Depolarization e�ets and theirimpat on physis have to be understood with high preision, for details see referene [20℄.With the downstream polarimeter depolarization e�ets an be measured by omparingmeasurements with olliding and non-olliding beams and simulations. The disrupted beamis propagated down the the extration line to simulate the the polarization measurementwith the downstream polarimeter.Current studies using Guinea Pig++ [21℄ and CAIN [22℄ show good agreement. For anominal ase in whih both beams are initially assumed to be 100% longitudinally polarized,the luminosity-weighted polarization of eah beam is predited to be redued by 0:21% �0:01% ompared to the initial polarization. For details see referenes [23, 24℄.LCWS/ILC2008



4.4 Polarimetry with Annihilation DataApart from the polarimeters, polarization an also be measured using annihilation data [25℄.If both beams are polarized this an be done measuring the fermion-pair ross setion fordi�erent heliity ombinations in the initial state (Blondel sheme). If only the eletronbeam is polarized, W-pair prodution an be used to determine eletron polarization withthe assumption that the e�W -oupling is purely left-handed whih is well tested.4.4.1 Blondel ShemeThe annihilation method using fermion pairs is based on equations (4). By measuring allfour ross setions, ��� and ���, a diret and independent measurements of the luminosityweighted eletron and positron polarization as well as the asymmetry ALR are possible.Nevertheless, the polarimeters near the IP are needed to monitor time dependent utuationsin the polarizations. This Blondel-sheme is espeially eÆient at the Z resonane wherea high rate of annihilation data is available and the polarization has to be measured withextremely high preision. At the Z peak, only a small fration of the luminosity (� 10%)has to be delivered to the 'ineÆient' heliity ombinations '� �' but half of the luminosityat high energies [25℄.Only a small fration of the luminosity (� 10%) has to be delivered to the 'ineÆient'heliity ombinations '� �'. At high energies half of the luminosity should be deliverdto the heliity ombinations '� �' to reah the required unertainties for the polarizationmeasurement. Due to the low event rates the polarization measurement with the BlondelSheme is slow but it is a good ross hek for the measurement with polarimeters. Adetailed disussion of the Blondel sheme an be found in referene [26℄.4.4.2 Z-pole Calibration DataThe GigaZ option { ILC preision measurements at the Z-pole { is foreseen as a runningmode at a later time of ILC operation. However, alibration will require runs at the Z peak.Measurements during these runs are far beyond the statistis of GigaZ but will exeed that ofLEP and provide omplementary information to the presently known preision measurementof the weak mixing angle sin �eff .Hene the preise measurements of energy and polarization at the Z-pole are important andshould be inluded in the ILC baseline douments for the following reasons:� Polarimeter alibration and ross-hek against physis based polarization measure-ments using the Blondel sheme;� Data from these alibration runs an also provide signi�ant statistis for physismeasurements omplementary to LEP and SLC results.Referene [27℄ summarizes the physis prospets with Z-pole alibration data.4.4.3 Polarization Measurement with W+W� DataAlso the W+W� data an be used for polarization measurement [25℄. The forward peak isentirely dominated by t-hannel neutrino exhange and not inuened by possibly unknowntriple gauge interations. Providing long measuring times (months!) a preision of 0.1% anLCWS/ILC2008



be reahed. Nevertheless, the polarimeters are needed to orret for time-dependent relativepolarization utuations.5 Upgrade to ps = 1TeVDepending on the LHC physis results an energy upgrade to 1TeV enter-of-mass will be thenext step after the ompletion of the baseline programme. The requirements for polarimetryare the same as for Ems = 500GeV. The upstream polarimeter with the �xed �eld operationallows for preise polarization measurements at 1TeV. This performane should not beompromised in any way. In partiular, the relatively easy upgrade to operate polarimeters atbeam energies above 250GeV should not be rendered impossible by installed beam diagnostior other instrumentation in the hiane.6 Reommendations form the EPWorkshop in Zeuthen, April 2008At the \Workshop on Energy and Polarization Measurement" in April 2009 at DESYZeuthen seven reommendations emerged requiring follow-up from the GDE and the Re-searh Diretor (see also referene [6℄). All these items were also disussed at LCWS08/ILC08.1. Separate the funtions of the upstream polarimeter hiane. Do not inlude an MPSenergy ollimator or laser-wire emittane diagnostis; use instead a separate setup forthese two.2. Modify the extration line polarimeter hiane from a 4-magnet hiane to a 6-magnethiane to allow the Compton eletrons to be deeted further from the disruptedbeam line.3. Inlude preise polarization and beam energy measurements for Z-pole alibrationruns into the baseline on�guration.4. Keep the initial positron polarization of 30-45% for physis (baseline).5. Implement parallel spin rotator beamlines with a kiker system before the dampingring to provide rapid heliity ipping of the positron spin.6. Move the pre-DR positron spin rotator system from 5 GeV to 400 MeV. This eliminatesexpensive superonduting magnets and redues osts.7. Move the pre-DR eletron spin rotator system to the soure area. This eliminatesexpensive superonduting magnets and redues osts.7 SummaryThe studies, talks and disussions presented at this onferene demonstrated that beampolarization and its measurement are ruial for the physis suess of any future linearollider. To ahieve the required preision it is absolutely deisive to employ multiple deviesfor testing and ontrolling the systemati unertainties of eah polarimeter. The polarimetrymethods for the ILC are omplementary: with the upstream polarimeter the measurementsare performed in a lean environment, they are fast and allow to monitor time-dependentLCWS/ILC2008



variations of polarization. The polarimeter downstream the IP will measure the disruptedbeam resulting in high bakground and muh lower statistis, but it allows aess to thedepolarization at the IP. Cross heks between the polarimeter results give redundany andinter-alibration whih is essential for high preision measurements. Current plans and issuesfor polarimeters and also energy spetrometers in the Beam Delivery System of the ILC aresummarized in referene [28℄.The ILC baseline design allows already from the beginning the operation with polarizedeletrons and polarized positrons provided the spin rotation and the fast heliity reversal forpositrons will be implemented. A reversal of the positron heliity signi�antly slower thanthat of eletrons is not reommended to not ompromise the preision and hene the suessof the ILC.Reently to use alibration data at the Z resonane for physis has been disussed. It lookspromising but further studies are needed to evaluate and to optimize these measurements.Finally it should be remarked: many studies on di�erent physis proesses and senarios ata future linear ollider are done for high luminosities and high energy assuming small andwell-known unertainties. Polarization, espeially positron polarization, is often onsideredas not that important. But in order to interpret data and to redue ambiguities in themeasurements, the polarization of eletrons and positrons and their very preise knowledgeare essential. The ILC design must o�er this from the beginning to be prepared for thephysis questions after years of LHC operation.Referenes[1℄ S. Riemann, Presentation at LCWS08http://ilagenda.linearollider.org/ontributionDisplay.py?ontribId=54&sessionId=2&onfId=2628[2℄ G.A. Moortgat-Pik et al., \Polarised Positrons and Eletrons at the Linear Collider", Phys. Rept. 460(2008) 131; [arXiv:hep-ph/0507011℄.[3℄ ILC Global Design E�ort and World Wide Study, Editors: N. Phinney, N. Toge, and N. Walker,\International Linear Collider Referene Design Report - Volume 3: Aelerator", August 2007.[4℄ P. Shmid, \A spin rotator for the ILC", EUROTEV-REPORT-2005-024;P. Shmid and N. J. Walker, \A spin rotator for the ILC", EUROTEV-REPORT-2006-068.[5℄ J. List and D. K�afer, \Improvements to the ILC Upstream Polarimeter", arXiv:0902.1516 [physis.ins-det℄.[6℄ B. Aurand et al., \Exeutive Summary of the Workshop on Polarization and Beam Energy Measure-ments at the ILC", arXiv:0808.1638 [physis.a-ph℄.[7℄ ILC Global Design E�ort and World Wide Study, Editors: A. Djouadi, J. Lykken, K. M�onig, Y. Okada,M. Oreglia, and S. Yamashita, \International Linear Collider Referene Design Report - Volume 2:Physis at the ILC", August 2007.[8℄ C. Bartels, C. Helebrant, D. K�afer and J. List, \Compton Cherenkov Detetor Development for ILCPolarimetry", arXiv:0902.3221 [physis.ins-det℄.[9℄ K. Mo�eit, M. Woods, D. Walz, \Spin Rotation at lower energy than the damping ring", ILC-NOTE-2008-040.[10℄ A. Brahmann, Presentation at ILC08http://ilagenda.linearollider.org/ontributionDisplay.py?ontribId=250&sessionId=10&onfId=2628[11℄ A. Ushakov, Talk given at the Positron Soure Coll. Meeting, April 7-9, 2008 at DESY in Zeuthen;http://ilagenda.linearollider.org/ontributionDisplay.py?ontribId=13&onfId=2639;Y.K. Batygin, \Spin Rotation and Energy Compression in the ILC Lina-to-Ring Positron Beamline",Nul. Instrum. Meth. A 570 (2007) 365.[12℄ G. Alexanderet al, \Low-energy Positron Polarimetry at the ILC" EUROTeV-Report-2008-091.LCWS/ILC2008
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