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ILC-NOTE-2008-047DESY-08-099SLAC-PUB-13296August 12, 2008Exeutive Summary of the Workshop on Polarisationand Beam Energy Measurements at the ILCB. Aurand1, I. Bailey2, C. Bartels3, G. Blair4, A. Brahmann5, J. Clarke6, L. Deaon4,V. Duginov7, A. Ghalumyan8, A. Hartin3;9, J. Hauptman10, C. Helebrant3, S. Hesselbah11,D. K�afer3�, J. List3, W. Lorenzon12, A. Lyapin13, I. Marhesini3, R. Melikian8, K. M�onig3,K.C. Mo�eit5, G. Moortgat-Pik11 , N. Muhnoi14, V. Nikoghosyan8, S. Riemann3,A. Sailer3, A. Sh�alike3, H.J. Shreiber3, P. Sh�uler3, P. Starovoitov15, E. Torrene16,A. Ushakov3, U. Velte3, M. Viti3, G. Weiglein11, J. Wittshen1, M. Woods51- Phys. Inst., University of Bonn, Germany; 2- Cokroft Inst., University of Liverpool, UK;3- DESY, Hamburg and Zeuthen, Germany; 4- Royal Holloway, University of London, UK;5- SLAC, Stanford, USA; 6- Daresbury Laboratory, UK; 7- JINR, Dubna, Russia;8- Yerevan Physis Institute, Armenia; 9- JAI, Oxford, UK; 10- Iowa State University, USA;11- IPPP, University of Durham, UK; 12- University of Mihigan, USA;13- University College London, UK; 14- Budker INP, Novosibirsk, Russia;15- NCPHEP, Minsk, Belarus; 16- University of Oregon, USAThis note summarizes the results of the \Workshop on Polarisation and Beam EnergyMeasurements at the ILC", held at DESY (Zeuthen) April 9-11 2008. The topis forthe workshop inluded (i) physis requirements, (ii) polarised soures and low energypolarimetry, (iii) BDS polarimeters, (iv) BDS energy spetrometers, and (v) physis-based measurements of beam polarisation and beam energy from ollider data. Dis-ussions foused on the urrent ILC baseline programme as desribed in the RefereneDesign Report (RDR), whih inludes physis runs at beam energies between 100 and250 GeV, as well as alibration runs on the Z-pole. Eletron polarisation of Pe� ? 80%and positron polarisation of Pe+ ? 30% are part of the baseline on�guration of themahine. Energy and polarisation measurements for ILC options beyond the baseline,inluding Z-pole running and the 1 TeV energy upgrade, were also disussed.
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Seven reommendations requiring follow-up from the GDE and the ResearhDiretor have emerged from the workshop:1. Separate the funtions of the upstream polarimeter hiane. Do not inludean MPS energy ollimator or laser-wire emittane diagnostis; use insteada separate setup for these two.2. Modify the extration line polarimeter hiane from a 4-magnet hiane toa 6-magnet hiane to allow the Compton eletrons to be deeted furtherfrom the disrupted beam line.3. Inlude preise polarisation and beam energy measurements for Z-polealibration runs into the baseline on�guration.4. Keep the initial positron polarisation of 30-45% for physis (baseline).5. Implement parallel spin rotator beamlines with a kiker system before thedamping ring 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 eliminates expensive superonduting magnets and redues osts.7. Move the pre-DR eletron spin rotator system to the soure area. Thiseliminates expensive superonduting magnets and redues osts.1 IntrodutionWith the foreseen start of the Large Hadron Collider (LHC) in 2008, diret disoveries of newpartiles beyond the Standard Model (SM) are expeted soon. Aording to the urrentlyenvisioned timeline for the International Linear Collider (ILC), �rst physis results ouldbe available in 2020. Compared to the new energy frontier opened by the LHC, the ILCwill open a new preision frontier, with beam polarisation playing a key role in a physisprogramme that demands preise polarisation and beam energy measurements [1℄.In ompliane with the RDR [2℄, the baseline on�guration of the ILC already providespolarised eletron and positron beams, with spin rotator systems to ahieve longitudinalpolarisation at the ollider-IP; upstream and downstream polarimeters and energy spe-trometers for both beams; and the apability to rapidly ip the eletron heliity at theinjetor (using the soure laser). Only the possibility of fast positron heliity ipping is notinluded in the baseline on�guration.The eletrons will be highly polarised (Pe� ? 80%), but also the positrons will beprodued with an initial polarisation of about 30-45%. This expeted small positron polari-sation an either be destroyed or it an be used with great bene�t for physis measurementsif the possibility of fast heliity ipping of the positron spin is also provided. Exellentpolarimetry aurate to �P=P = 0:25% has been assumed in referene [3℄. This number istehnology-driven and an only be ahieved with dediated Compton polarimeters loatedupstream and downstream of the e+e� interation region.Preise beam energy measurements are neessary at the ILC in order to measure partilemasses produed in high-rate proesses. Measuring the top mass in a threshold san to2 EPWS2008



order 100 MeV or measuring a Standard Model Higgs mass in diret reonstrution to order50 MeV [1℄ requires knowledge of the luminosity-weighted mean ollision energy hpsi toa level of 1 � 2 � 10�4. Preise measurements of the inoming beam energy are a ritialomponent to measuring the quantity hpsi as it sets the overall energy sale of the ollisionproess.Although preision polarisation and energy measurements at the Z-pole are not partof the urrent baseline as desribed in the RDR [2℄, we argue that the baseline should bemodi�ed to inlude suh measurements. Z-pole alibration data would provide a uniquepossibility for an early alibration of the polarimeters and energy spetrometers in a wellunderstood physis regime. Additionally, the alibration data an provide preision mea-surements of eletroweak observables and thus serve as extremely sensitive tests of the SM,if the beam polarisation and energy are aurately measured. This is disussed in detail ina separate paper [4℄.In any ase, the atual polarisation state { as well as the energy of the beam { hasto be known preisely to ensure the foreseen high preision physis measurements. Themahine parameters needed for a linear ollider to ful�ll these physis requirements have beenworked out [5℄. It is mandatory that these requirements on polarisation, beam energy andluminosity measurements are tehnially ahievable. Comparing the above quoted numberswith the typial preisions aimed for in the ILC physis program, it is lear that the goalfor polarisation and energy measurements is limited by tehnology, whereas the physisprogramme would bene�t from an even higher preision of both measurements.2 Polarimetry2.1 Soures, Low Energy Polarimetry and Spin RotationThe eletron soure produes polarised eletrons from a DC photoathode gun. The irularpolarisation of the soure laser beam is set with fast Pokels ells and the laser heliity anbe reversed train-to-train, thereby allowing fast reversals of the eletron spin. A Mottpolarimeter loated in a diagnosti line will be used to determine the eletron polarisationnear the soure.The positron soure uses photoprodution to generate positrons [2℄. 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 unpolarised positrons, the positron beam produed by the baseline soure has apolarisation of Pe+ ? 30%, and beamline spae has been reserved for an eventual upgrade to60% polarisation. No low energy polarimetry for the positron beam is foreseen in the RDR,but R&D work is ongoing. The positron polarisation ould be measured near the soureafter the pre-aelerator using a Bhabha polarimeter at 400 MeV. After the damping ring,the positron polarisation ould be heked with a Compton polarimeter. To save osts thelaser of the laser wire system ould be used, but design studies are not yet done. Sine theRDR was written, simulation studies show that bunh (energy) ompression would inreasethe positron apture eÆeny at the soure, with whih the positron polarisation ould evenreah Pe+ ? 45% at the beginning of the ILC physis program. [6℄.There are two ways to use the positron beam: (i) Physis measurements with a positronEPWS2008 3



polarisation of about Pe+ ? 30 � 45%. (ii) Unpolarised positrons at the e+e�{IP. In the�rst ase (i), the polarised positron beam is transported to the e+e�{IP with minimal spindi�usion and the degree of polarisation is measured with high preision of 0.25% near theinteration region with upstream and downstream polarimeters. Appropriate spin rotatorsystems are desribed in the RDR and are inluded in the beam transport lines from theLina to the Damping Ring (LTR) and from the Damping Ring to the Lina (RTL) for botheletrons and positrons. The left-right asymmetri struture of Standard Model proessesrequires a partiular on�guration of the initial state heliities, whih should be randomlyavailable to minimize systemati e�ets. So the e�etive luminosity an be inreased, e.g.by a fator of 1.24 ompared to Pe� ? 80% and zero positron polarisation, and the uner-tainty of the e�etive polarisation given by Pe� = jPe� j+jPe+ j1+jPe� j jPe+ j an be redued. The atualfrequeny of the heliity ip depends on the long time stability and reproduibility of ma-hine parameters as luminosity, polarisation and bakground onditions. A heliity reversalfor positrons less frequent than for eletrons will anel the gain in e�etive luminosity andwould also redue the improvement for the polarisation unertainty. In the urrent baselinedesign, however, the positron heliity an only be slowly reversed by hanging the polarityof the superonduting spin rotator magnets. This does not satisfy the demands of thepreision physis program, whih needs positron heliity reversals train-to-train as it is donefor eletrons.Reommendation: Keep the initial positron polarisation of 30-45% (baseline). Modify thebaseline on�guration to provide random seletion of the positron heliity train-by-train byimplementing parallel spin rotator beamlines and kiker systems in the positron LTR [7℄.Positron spin rotation and ipping ould be done at 400 MeV rather than at 5 GeV [8℄,while the eletron spin rotation ould be done at the eletron soure using a Wien �lter. Thesolenoid magnets neessary to rotate the spin from the transverse horizontal to the vertialdiretion an be smaller and less expensive, demanding less tunnel spae at 400 MeV om-pared to 5 GeV. These modi�ations would eliminate expensive superonduting magnets,simplify the engineering for these systems, and redue the osts.Reommendation: Move the pre-damping-ring spin rotator systems to lower energy for bothbeams, eletrons and positrons [8℄.If, in the seond ase (ii), it should be deided to not deliver the 30-45% positron polar-isation from the soure to the experiment, a speial sheme after the positron damping ringneeds to be devised to ompletely destroy the positron polarisation in order not to adverselye�et the physis measurementsa. The zero positron polarisation also needs to be measuredwith high preision of 0.25%. Further studies are needed to ensure a left-over positron DCpolarisation of about 0.1% will not a�et physis measurements, whih ould result in theneed for an even higher preision in this ase.In both ases it is required to measure the positron polarisation with high preision. Westrongly reommend option (i) whereby physis measurements are possible with a positronpolarisation of Pe+ ? 30%.2.2 Overall Polarimetry ShemeThe ILC o�ers three methods to measure polarisation after aeleration: upstream anddownstream of the IP, as well as using annihilation events. For the disussion on polarimetryaSpin traking studies [9℄ 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.4 EPWS2008



it is important to distinguish the ases with and without positron polarisation. Withoutpositron polarisation the ross setion for all proesses an be written as � = �0[1�Pe� ALR℄.In this ase the error on ALR due to polarisation is �ALR=ALR = �Pe�=Pe� but only theluminosity weighted averaged polarisation matters. If also positron polarisation is availablethe ross setion an typially be written as � = �0 [1�Pe+ Pe� + (Pe+ �Pe�)ALR℄. Inthis ase the polarisations enter linearly and as a produt so that the orrelation betweenthe two polarisations matters. The relevant quantity for physis analyses in this ase is ane�etive polarisation, e.g. Pe� = jPe� j+jPe+ j1+jPe� j jPe+ j , whih due to favourable error propagationredues the polarisation unertainty by a fator of up to three.Apart from the polarimeters, polarisation an also be measured using annihilation data [10℄,with diret aess to the luminosity weighted polarisation. With eletron and positron po-larisation, four polarisation ombinations are measurable for four unknowns so that thepolarisation an be measured in a model independent way. With only eletron polarisationthis is not possible. However, W-pair prodution an be used to determine eletron polari-sation when only one beam is polarised with the only assumption that the e�W -oupling ispurely left-handed whih is well tested. The forward peak is entirely dominated by t-hannelneutrino exhange and not inuened by possibly unknown triple gauge interations. In bothases a 0.1% preision on the individual polarisations is possible, where, due to the favourableerror orrelation, the e�etive polarisation an even be measured to the 0.02% level. Never-theless, annihilation methods an only provide polarisation measurements on very long timesales (? months) and need orretions from the polarimeters. Also, the model independentsheme with positron polarisation needs some statistis on all four heliity ombinations, i.e.approximately about 30% of the running time [4, 11℄ has to be spent on the less interestingJ=0 ombinations. If the only reason to run at these states is polarimetry, polarisationmeasurements from annihilation data are fairly expensive.The two polarimeters are highly omplementary. The downstream polarimeter has aessto the depolarisation in the interation while the upstream polarimeter has a muh higherounting rate and time granularity whih is important for orrelation measurements. Bothproperties are needed for a high preision analysis. Outside ollisions the two polarimetersan alibrate eah other.To obtain a useful polarisation measurement the beam trajetories are required to bealigned to less than 50 �rad at the upstream Compton-IP, the ollider-IP, and the down-stream Compton-IP. This should be ahievable by the beam delivery system (BDS) align-ment as desribed in the RDR. However, the impat of the IR magnets and the rossingangle on the spin alignment needs to be addressed more thoroughly. In the extration line,orretor magnets are needed to suessfully ompensate possible deetions resulting frommisaligned beam and detetor solenoid axes. The upstream polarimeter system, whih isabout 1800 m upstream of the e+e�{IP with a 1.5 m horizontal o�set will require preisionalignment methods. In addition, it should be possible to orrelate polarimeter measurementswith loal BPM measurements, and the downstream polarimeter will want to orrelate itsmeasurements with the BPM measurements at the e+e�{IP [12℄. This requires the BPMsystem to provide information to the polarimeter DAQ inluding bunh number identi�a-tion. (Toroid information will also need to be provided to the DAQ.)For the �nal polarisation measurement at the ILC it is therefore indispensable to haveupstream and downstream polarimetry and get an absolute alibration from annihilationdata. The polarimeters provide orretions and measure the polarisation on short salesEPWS2008 5



like for individual san points in an energy san, while the annihilation data an hek theabsolute alibration on very long timesales. To keep the orretions small, every e�ortshould be made to ip eletron and positron polarisation frequently, if possible train bytrain. For the small errors envisaged at the ILC, a possible ross hek of the di�erent waysto measure polarisation is mandatory. This has also been on�rmed by the polarimetryexperiene at SLC and by the beam-energy measurements at both, LEP and SLC.2.3 The Upstream PolarimeterThe upstream polarimeter is loated at the beginning of the BDS, upstream of the tuneupdump and at a distane of roughly 1.8 km to the e+e�{IP. In this position it bene�ts fromlean beam onditions and very low bakgrounds ompared to any loation downstream ofthe IP. It is therefore suited to provide very fast and preise measurements of the polarisationbefore ollisions.A omplete oneptual layout for the upstream polarimeter had already been workedout for TESLA in 2001. 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. In this original design with a dediated �xed-�eld hiane, the upstreampolarimeter promised to be a superb and robust instrument with broad spetral overage,very low bakground, exellent statistial performane for all mahine bunhes, and a highdegree of redundany. If equipped with a suitable laser, for example a similar one as usedat the TTF/Flash soure, whih is now in operation at DESY, it an inlude every singlebunh in the measurement. This will permit virtually instant reognition of variations withineah bunh train as well as time dependent e�ets that vary train-by-train. The statistialpreision of the polarisation measurement will be already 3% for any two bunhes withopposite heliity, whih leads to an average preision of 1% for eah bunh position in thetrain after the passage of only 20 trains (4 seonds). The average over two entire trains withopposite 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 unpreedentedlow systemati unertainty of ÆP=P � 0:25% or better [13℄ with the largest unertaintiesoming from the analyzing power alibration (0.2%) and the detetor linearity (0.1%).In an e�ort to redue the ost of the long and expensive BDS system, the BDS man-agement deided in autumn 2006 to ombine other diagnosti and mahine funtions withthe upstream polarimeter hiane. A mahine protetion system (MPS) energy ollimator,de�ning the energy aeptane of the subsequent tune-up dump and a photon detetor forlaser-wire based emittane diagnostis were inorporated in the original upstream polarime-ter hiane. The impliations of these funtional uni�ation measures for polarimetry arerather severe and have sine been the subjet of protrated debate between the diagnostisgroups and the BDS management. At this time, the onits have not yet been resolved.The following prinipal issues exist:(i) MPS energy ollimator: The ollimator is planned to be 3 m long with a �10% mo-mentum aperture, although there is no onrete design available yet. Its insertion6 EPWS2008



into the polarimeter magneti hiane will ompletely obstrut the tapered vauumhamber whih had been designed to minimize wake�eld e�ets.(ii) Collimator generated bakgrounds: Depending on the details of the struture, bak-ground generated from beam halo and jitter an grow to suh a degree that it beomesvery diÆult (if not impossible) to provide a preise polarisation measurement.(iii) Fixed versus saled �eld operation: Fixed-�eld operation is the raison d'être of the en-tire hiane for polarimetry, but sine the MPS insertion would demand ompliatedand ostly movable jaw engineering in vauum, the BDS management has asked fora saled-�eld operation. While an adequate saled-�eld operation, over limited en-ergy ranges, would be possible for polarimetry, the operation would be muh moreompliated and the overall performane greatly redued. Most importantly, it woulde�etively render all low-energy polarimetry impossible with no prospet of regainingthis loss as long as the MPS objet remains in this plae.(iv) Inorporation of emittane diagnostis: From the outset it was lear that a detetorplaed diretly in the neutral beamline would not have adequate learane from theharged beam path in the hiane at beam energies muh higher than 250 GeV. Adetetor at this loation would be bombarded with synhrotron radiation [14℄ and high-energy bremsstrahlung generated by beam gas interations in the upstream beam line.In reognition of these problems, the laser-wire group is now exploring alternatives,inluding indiret photon detetion from a onverter target [15℄ and Compton eletrondetetion. However, any material (e.g. onverter) inserted into the neutral beamline, will naturally generate more bakground in the polarimeter hodosope detetor,thereby ompromising the otherwise lean environment of the upstream polarimeter.Compton eletron detetion seems to be a viable and promising alternative withoutintroduing new bakgrounds. It would require the insertion of retratable detetorsin the hiane vauum hamber, thus requiring some nontrivial engineering. For anadequate separation of the Compton reoil eletrons from the original beam at lowbeam energies, this tehnique is only pratial for �xed-�eld operation of the hiane.This is just one more good reason to dismiss the saled-�eld senario.The desription of the upstream polarimeter hiane ombined with the MPS energy ol-limator and the laser-wire detetion system given in the RDR is not satisfatory. Thelaser-wire detetion system needs signi�ant R&D to demonstrate a viable system, even ina standalone system separate from the polarimeter hiane.In our judgement, it has been a very unreasonable deision to plae the MPS energy ol-limator into the polarimeter hiane. Apart from a host of very serious engineering issues,the negative impat of saled-�eld operation is severe, partiularly at low beam energies.While physis data taking at the Z-pole is not part of the ILC baseline program, the a-pability for exellent polarimetry at the Z-pole should not be preluded. Consequently, analternative plaement for the MPS ollimator should be reated, preferably in onjuntionwith the laser-wire emittane diagnostis. If suh an alternate plae does not exist withinthe baseline BDS, it will also not exist in a post baseline upgrade of the BDS, thereby jeop-ardizing Z-pole polarimetry.Reommendation: Separate the funtions of the upstream polarimeter hiane. Do not in-lude laser-wire emittane diagnostis or an MPS energy ollimator; use instead a separatesetup for these two.EPWS2008 7



2.4 The Downstream PolarimeterThe downstream polarimeter is loated about 150 m downstream of the e+e�{IP in theextration line and on axis with the IP and IR magnets. It an measure the beam polarisationboth with and without ollisions, thereby testing the alulated depolarisation orretionwhih is expeted to be at the 0.1-0.2% level.A omplete oneptual layout for the downstream polarimeter exists, inluding magnets,laser system and detetor on�guration. Three 10 Hz laser systems an ahieve Comptonollisions for three out of 2800 bunhes in a train. Eah laser will sample one partiularbunh in a train for a time interval of a few seonds to a minute, then selet a new bunhfor the next time interval, and so on in a pre-determined pattern. The Compton statistisare high with about 300 Compton sattered eletrons per bunh in a detetor hannel atthe Compton edge.With this design, a statistial unertainty of less than 1% per minute an be ahievedfor eah 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 inueneof synhrotron radiation. There are no signi�ant beam losses for the nominal ILC param-eter set and beam losses look aeptable even for the low power option. A synhrotronradiation ollimator protets the Compton detetor and no signi�ant SR bakgrounds areexpeted. The systemati preision is expeted to be about 0.25%, with the largest uner-tainties oming from the analyzing power alibration (0.2%) and detetor linearity (0.1%).The extration line polarimeter hiane desribed in the RDR has four magnets with thesame deetion in eah magnet system. A proposal to modify the downstream polarimeterhiane to a six-magnet hiane was presented to the ILC in Marh 2007 [16℄. The addi-tional two magnets after the Compton detetor allow the third and fourth magnets of thepolarimeter hiane to be operated at higher �eld to deet the Compton eletrons furtherfrom the beam line and return the beam to the nominal trajetory.Reommendation: Modify the extration line polarimeter hiane from a 4-magnet hiane toa 6-magnet hiane to allow the Compton eletrons to be deeted further from the disruptedbeam line.3 Beam Energy MeasurementsThe strategy whih has been followed in the ILC design is to have redundant beam-basedmeasurements of the inoming beam energy, apable of ahieving a 10�4 relative preision ona single beam. This would be available in real time as a diagnosti tool to the operators andwould provide the basis for the hpsi determination. Additional physis referene hannels,suh as e+e� ! �+�� where the muons are resonant with the known Z-mass, are thenforeseen to provide valuable ross-heks of the ollision sale, but only long after the datahas been reorded.The two primary methods planned for making preise beam energy measurements are anon-invasive BPM-based spetrometer, loated upstream of the interation point just after8 EPWS2008



the energy ollimators, and a synhrotron imaging detetor whih must be loated down-stream of the IP in the extration line to the beam dump. The BPM-based devie is modeledafter the spetrometer built for LEP-II whih was used to alibrate the energy sale for theW -mass measurement, although the parameters of the ILC version are tightly onstrainedby allowanes on emittane dilution in the beam delivery system. The synhrotron imagingdetetor is similar in design to the spetrometer used at SLAC for the SLC program. Bothare designed to provide an absolute measurement of the beam energy sale to a relativeauray of 10�4. The downstream spetrometer, whih observes the disrupted beam afterollisions, an also measure the energy spetrum of the disrupted beam.3.1 Upstream Energy SpetrometerThe anonial method to measure the beam energy Eb upstream of the e+e�{IP is theBPM-based spetrometer. A prototype test setup for suh an instrument was proposed andommissioned in 2005, the T-474 experiment in the End Station A beamline at SLAC. Thesetup involves four dipole magnets and high-preision BPMs in front, behind and in betweenthe magnets. ESA test beams operate at 10 Hz parasitially to PEP-II operation, with abunh harge of 1:6 �1010 eletrons, a bunh length of 500 �m and an energy spread of 0.15%,i.e. with properties similar to ILC expetations. The beam energy is diretly dedued fromthe o�set measurements of 5 mm, whih is also designed for the present ILC baseline energyspetrometer. When ombining all the BPM stations to measure the preision of the orbitover the whole ESA-hiane beamline, a resolution of 0.82 �m in x and 1.19 �m in y wasahieved. The system turned out to be stable at the miron level over the ourse of onehour. The long term stability was a�eted by relative sale drifts aross all the BPMs.In partiular, drifts of �10 �m were observed over 18 hours of operation. However, thestability of new designed ILC prototype BPMs loated in the mid-hiane were stable to� 0.25 �m over a period of one hour and �1 �m over the period of 18 hours. Their stabilitywas inuened by low amplitude e�ets and mehanial vibration on short time sales. Firstresults of the T-474 experiment were published, see e.g. [17℄, and support the suessfuloperation of the testbenh. Analyzing the data from 2007 runs is ongoing and �nal resultsare expeted within the next few months. The T-474 experiment is not ontinuing past 2007beause of the essation of the ESA test beam programs at SLAC.3.2 Extration-Line Energy SpetrometerAt the SLC, the WISRD (Wire Imaging Synhrotron Radiation Detetor) [18℄ was usedto measure the distane between two synhrotron stripes reated by vertial bend magnetswhih surrounded a preisely-measured dipole that provided a horizontal bend proportionalto the beam energy. This devie ahieved a preision of ÆEb=Eb � 2 � 10�4, where thelimiting systemati errors were due to relative omponent alignment and magneti �eldmapping. The ILC Extration-Line Spetrometer (XLS) design is largely motivated by theWISRD experiene.The analyzing dipole for the XLS is provided by a vertial hiane just after the apturequad setion of the extration line, about 55 meters downstream of the interation point.The hiane provides a �2 mrad vertial bend to the beam and in both legs of the hianehorizontal wiggler magnets are used to produe the synhrotron light needed to measure thebeam trajetory. The optis in the extration line are designed to produe a seondary fousEPWS2008 9



about 150 meters downstream of the IP, whih oinides with the enter of the polarimeterhiane and the Compton interation point. The synhrotron light produed by the wigglerswill also ome to a vertial fous at this point, and position-sensitive detetors in this planearrayed outside the beampipe will measure the vertial separation between the synhrotronstripes.With a total bend angle of 4 mrad, and a ight distane of nearly 100 meters, thesynhrotron stripes will have a vertial separation of 400 mm, whih must be measured toa preision of 40 �m to ahieve the target auray of 10�4. In addition to the transverseseparation of the synhrotron stripes, the integrated bending �eld of the analyzing dipolealso needs to be measured and monitored to a omparable preision of 10�4. The distanefrom the analyzing hiane to the detetors needs to only be known to a modest aurayof 1 m.In the original SLC WISRD, photoemission of eletrons from thin wires on 100 �m pithwas used as the detetion mehanism. This sheme su�ered from several experimental issues,inluding ross-talk and RF pikup. For the XLS spetrometer, it has been proposed to usean array of radiation-hard 100 �m quartz �bers. These �bers do not detet the synhrotronlight diretly, but rather detet Cherenkov radiation from seondary eletrons produedwhen the hard photons interat with material near the detetor. At ILC beam energies, theritial energy for the synhrotron radiation produed in the XLS wigglers is several tens ofMeV, well above the pair-prodution threshold, and opious numbers of relativisti eletronsan be produed with a thin radiator in front of the �ber array. The leading andidate forreading out these �bers are multi-anode PMTs from Hamamatsu, similar in design to thoseused in sintillating �ber alorimeters. The advantage of this sheme over wires is to produea reliable, passive, rad-hard detetor whih does not su�er from ross-talk or RF pikup,and still allows for easy gain adjustment and a large dynami range.The energy spetrum of beam after ollision ontains a long, tail as a result of the beam-beam disruption in the ollision proess. This disrupted beam spetrum is not a diretmeasure of the ollision energy spetrum, but it is produed by the same physial proess,and diret observation of this disrupted tail will serve as a useful diagnosti for the ollisionproess. The position-sensitive detetor in the XLS is designed to measure this beam energyspetrum down to 50% of the nominal beam energy. Near the peak, for a beam energy ofEb = 250 GeV, eah 100 miron �ber spans an energy interval of 125 MeV. Given a typialbeam energy width of 0.15%, this means the natural width of the beam energy will bedistributed aross at least a handful of �bers, whih will allow the entroid to be determinedwith a preision better than the �ber pith, and some information about the beam energywidth an be extrated as well.3.3 R&D on Alternative MethodsR&D on three alternative methods for preise beam energy measurements with 100 ppm a-uray is being arried out by di�erent groups. The �rst method utilizes Compton baksat-tering, a magneti spetrometer and preise position measurements of the eletron beam,the entroid of the Compton photons and the kinemati edge of the Compton-sattered ele-trons [19, 20℄. The spetrometer length needed is about 30 m and would be loated near theupstream polarimeter. Preise position measurements approximately 25 meters downstreamof an analysis magnet are needed with auraies of 1 �m for the Compton photons, 10 �mfor the Compton edge eletrons and 0.5 �m for the beam eletrons. Presently, a proposal10 EPWS2008



to perform a proof-of-priniple experiment at Novosibirsk is in preparation. Detailed stud-ies are also in progress to understand whether a ombination of the upstream polarisationhiane with a Compton energy spetrometer is possible.The seond method utilizes the synhrotron radiation (SR) emitted in the dipole magnetsof the upstream BPM-based spetrometer [21℄. Aurate determination of the edges of theSR fan is needed. Studies inlude a diret measurement of the SR fan as well as the use ofmirrors to deet soft SR-light to detetors loated away from the beamline. Novel high-spatial resolution detetors are onsidered, and a gas ampli�ation detetor is now understudy in Dubna with �rst results expeted later this year.A third method relies on the Resonane Absorption method [22, 23℄. Under ertainonditions, laser light an be absorbed by beam partiles when both o-propagate in loseproximity in a solenoid. The beam energy an be inferred from the measured dependeneof light absorption on the magneti �eld and laser wavelength. Studies are underway atYerevan regarding theoretial unertainties, and design of the laser system and laser lightdetetors.4 Z-pole Calibration DataPreise energy and polarisation measurements at the Z-pole are not required in the RDRor in the ILC baseline parameters doument. But, both measurements are important andshould be inluded in the ILC baseline for the following reasons:� Polarimeter alibration and ross-hek against physis based polarisation measure-ments using the Blondel sheme;� Calibration of energy measurement against Z-pole mass (inluded in the RDR and inthe ILC baseline parameters doument)� Data from these alibration runs an also provide signi�ant statistis for physismeasurements.For a more detailed summary as to what an be done with the Z-pole alibration data thereader is referred to [4℄.Reommendation: Inlude preise polarisation and energy measurements for Z-pole alibra-tion runs in the baseline. This is needed for alibration ross heks of the polarimeters andenergy spetrometers.5 Upgrade to ps = 1 TeVAn energy upgrade to 1 TeV enter-of-mass after the ompletion of the baseline programmeshould not be ompromised in any way. Measures should be taken not to render polarimetryimpossible at beam energies higher than 250 GeV. This inludes building beam diagnostis,espeially the polarimeter hianes, in a way that permits an easy upgrade to operate athigh beam energies.In this ontext again the ombination of emittane diagnostis, mahine protetion andpolarimetry as proposed in the RDR is extremely problemati, if not unfeasable, and westrongly reommend to separate these funtions. First of all, the \saled �eld" or \�xeddispersion" operating senario for the upstream hiane annot be retained up to 500 GeVEPWS2008 11



beam energy. This would lead to ompletely unaeptable synhrotron radiation losses andemittane blow-up. Seondly, if the dispersion would inevitably be saled down to about10 mm, the energy ollimator will end up having a �1 mm aperture (2 mm opening for alength of 3 m). This would be very problemati to operate even under nominal mahineonditions and generate totally unaeptable bakground onditions for polarimetry. Lastly,the performane of the laser-wire photon detetor is already not really aeptable at lowerbeam energies, but at 500 GeV beam energy the proposed system will beome unfeasible.6 Conlusions and ReommendationsThe \Workshop on Polarisation and Beam Energy Measurements at the ILC" was aom-panied by W. Lorenzon (Univ. of Mihigan) and K. M�onig (DESY-Zeuthen) as referees. Inhis onlusions, W. Lorenzon stated that it is already all but trivial to provide or even provean analyzing power preision at the 1% level. He impressively showed this by disussing thesetup and results of the \Spin Dane" experiment performed at JLab (Thomas Je�erson Na-tional Aelerator Faility) in July 2000 [24, 25℄. In this experiment, a ross-normalisationof the relative analyzing power of the �ve eletron polarimeters was performed to reveal pos-sible systemati di�erenes between the polarimeters that had not yet been aounted for.Although the systemati unertainties of all polarimeters (1 Mott, 3 M�ller, 1 Compton)were eah evaluated individually, the experiment learly showed signi�ant disrepaniesbetween the polarimeter results, even if the systemati unertainties were inluded.Furthermore, both referees argued that it is absolutely ruial to employ multiple deviesfor testing and ontroling the systemati unertainties of eah polarimeter [10, 24℄. They alsosuggested to treat the upstream and downstream polarimeters as independent experimentsand thus optimise them separately. This also implies that there is absolutely no need forboth polarimeters to use the same type of laser, sine the requirements and bakgroundsalso di�er signi�antly. Their lear reommendations are to avoid any distration from theambitious goal of ahieving a 0.25% measurement of the beam polarisation.It was also strongly reommended to keep the initial positron polarisation of 30-45% toimprove the gain in e�etive luminosity and enable physis measurements, whih would notbe possible without positron polarisation. In any ase the positron beam will be polarisedfrom the start due to the helial undulator soure used to generate the positrons.The motivation for having both, upstream and downstream diagnostis, inludes om-plementarity, redundany and interalibration of the systems. As an easily be seen fromthe experienes at SLC and at LEP, independent measurements proved to be important forboth, polarimetry and energy measurements. Also, over a deade of operational experienewith multiple Compton polarimeters at HERA learly demonstrated the neessity for suhredundany, both in terms of systemati ross heks and in terms of operational reliability.AknowledgmentsThe authors would like to thank the experiments support group of DESY, Zeuthen forthe well-prepared workshop, the exeptionally good working atmosphere and their generalhospitality, inluding o�ee, tea, ake and ookies at odd times.12 EPWS2008
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