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POLARISATION MEASUREMENT AT HERA II�Jenny BöhmeOn behalf of the POL2000 groupDESY, Notkestr. 85, D-2000 Hamburg 52, Germany(Reeived June 13, 2002)After its reent upgrade, the HERA storage ring will provide longitudi-nally polarised leptons not only to the �xed target experiment HERMES,but also to the two ollider experiments H1 and ZEUS, requiring a morepreise polarisation measurement ompared to run I. The upgrade of thetransverse polarimeter is nearly �nished and shows �rst promising resultsindiating a muh improved performane. An upgrade of the longitudinalpolarimeter is underway.PACS numbers: 29.20.�, 29.27.Hj, 13.88.+e1. IntrodutionWhile the main objetive of the HERA upgrade has been an inrease inluminosity, an additional aspet onerns the installation of two additionalpairs of spin rotators around the interation regions of the ollider exper-iments H1 and ZEUS. As routinely shown during the HERA I run at theHERMES experiment, the spin rotators allow to onvert the transverse po-larisation, whih builds up in a storage ring via the Sokolov�Ternov e�et [1℄,to longitudinal polarisation and vie versa [2℄. In the kinemati region ofhigh momentum transfer Q2, the neutral and harged urrent ross setionsobservable by the ollider experiments depend on the longitudinal beam po-larisation, thus providing important opportunities to test the eletroweaksetor of the Standard Model as well as to searh for new phenomena in amanner omplementary to e+e� or p�p olliders. For a more detailed reviewof the HERA II physis programme see [3℄.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3949)



3950 J. BöhmeTo illustrate the preision requirements on the polarisation measurement,onsider the measurement of the vetor and axial vetor ouplings of theup and down quark to the Z boson, whih will be possible at HERA IIdue to the polarisation dependene of the neutral urrent ross setion viathe Z exhange and Z interferene terms. The expeted 1� preision ofsuh a measurement for the up quark is shown in Fig. 1 by the dashedellipse, ompared to the orresponding result for the harm quark by the LEPeletroweak working group. Fig. 1 furthermore demonstrates the importaneof a preise knowledge of the beam polarisation, sine a 1% bias in thepolarisation leads to the dotted ellipse instead of the dashed one. Hene,understanding the polarisation measurement down to the subperent levelis important for eletroweak physis programme at HERA II.
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Fig. 1. Expeted preision of the HERA II measurement of the vetor and axi-alvetor ouplings of the up quark to the Z boson, ompared to the orrespondingmeasurement for the harm quark at LEP. The e�et of an 1% bias in the polari-sation is also shown [4℄.2. The polarisation measurement at HERAThe longitudinal (LPOL) as well as the transverse polarimeter (TPOL)make use of the polarisation dependene of Compton sattering. In bothases, a irularly polarised laser is foused on the lepton beam, and thebaksattered Compton photons are deteted in a alorimeter. The heliityof the laser an be �ipped between right and left handed using a Pokelsell, leading to a ross setion asymmetry depending on the degree of leptonpolarisation. In ase of the LPOL, it is su�ient to measure the energy ofthe Compton photons, sine longitudinal polarisation leads to an asymmetry



Polarisation Measurement at HERA II 3951in the energy spetrum. On the other hand, the transverse polarisation leadsto an angular asymmetry only (whih is also energy dependent), so that ameasurement of both the photon's energy and sattering angle is required.2.1. The longitudinal polarimeterThe present LPOL an be operated in two di�erent ways. In the singlephoton mode the power of the pulsed laser is kept so low that the single pho-ton energy spetrum, whih provides prominent features like the Comptonedge for alibration purposes, an be measured diretly. Due to the laser'slow repetition rate of max. 100 Hz this mode does not provide the requiredstatistial preision per minute. Therefore the LPOL is usually operatedin the multi photon mode, where the average number of baksattered pho-tons is about 1000 per bunh rossing, of whih the total energy is measured.This method reahes a statistial error of 1% per minute when averaged overall HERA bunhes. To dedue the polarisation from the observed energydi�erene, a thorough understanding of the alorimeter's energy response isessential. In the last years of the HERA I run, the systemati understandingof the LPOL has reahed the level of ÆP=P = 1:6% [5℄. The measurementof the LPOL ould be substantially improved with a ontinuous wave laser.In order to reah the required power it is planned to upgrade the LPOLwith a 1 W w laser plus a Fabry�Pérot avity with a Q-fator of the orderof 10000 as shown in Fig. 2. This setup will allow to operate the LPOL ina few photon mode, whih overomes the statistial problems of the singlephoton mode in the urrent setup, while preserving the features of the singlephoton energy spetrum allowing for preise alibration of the system. Aprototype of the LPOL avity has been built and is operating suessfully.The assembly of the �nal avity is underway and its installation is expetedfor end of 2002 or beginning of 2003.
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Fig. 2. Shemati view of the laser avity upgrade for the LPOL



3952 J. Böhme2.2. The transverse polarimeterIn ase of the transverse polarisation it is neessary to measure not onlythe energy, but also the position of the baksattered photon. Therefore theTPOL alorimeter is segmented into an upper and lower half, allowing aposition measurement via the up-down-asymmetry of the energy deposition� = (Eup �Edown)=(Eup + Edown). The onversion of � into a y-oordinatedepends on the exat shower development inside the alorimeter, and hasbeen the dominant soure of systemati unertainty for the TPOL measure-ment. Therefore a silion strip detetor has now been installed front of thealorimeter, allowing to alibrate the position measurement ontinuouslyduring polarisation measurement. The present setup omprises also a pre-radiator and a movable sintillating �bre for monitoring the response of thesilion detetor. The �rst in-situ measurements of the ��y-transformationhave been performed and the analysis is ongoing.Sine not all lepton bunhes ollide with a proton bunh in HERA andthe polarisation di�ers for olliding and non-olliding bunhes, it is impor-tant to measure the polarisation for every single bunh. This required aompletely new and muh faster data aquisition system for the TPOL,whih now allows bunh by bunh measurements of the polarisation, andwhih additionally improves the data quality substantially. The �rst datataken at HERA II with positron urrents of about 3 mA give a statistialerror of 0.015 per minute, orresponding to less than 0.005 per minute whensaled to nominal HERA II urrents.In order to reah the goal of subperent preision, also the analysis ofthe TPOL data is being revised. The online analysis translates the observedross�setion asymmetry into a polarisation value by multiplying it with ananalysing power whih has been determined for the TPOL setup at HERAI via risetime measurements and whih is assumed to be onstant w.r.t.to all the parameters of the system, like resolutions, ��y-transformation,beam position and size or the residual linear laser polarisation. This hasbeen shown to be valid within an systemati error of 3.4%. The improvedo�ine analysis takes parameter hanges into aount by �tting the measureddouble di�erential ross setion diretly, leaving all parameters mentionedabove free, thus not assuming any a priori knowledge of for example of the��y�transformation. First, a �t to the sum of the spetra reorded withright and left handed laser polarisation, whih is not sensitive to the leptonbeam polarisation, determines all alibration parameters. These are thenheld onstant in a seond �t to the di�erene of the same spetra, whihyields the atual beam polarisation. Although the new analysis is not �nalyet and thus no �nal number for the remaining systemati unertainty anbe quoted here, the preliminary results shown in Fig. 3 look promising: inthe left part two slies of the double di�erential ross setion at di�erent
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0 20 40 60 80Fig. 3. TPOL analysis upgrade: �t to � distributions in HERA II data (left) andMC studies omparing online and improved analysis method (right).values of the sattered photon's energy are shown. The dots represent somereently taken HERA II data, while the line shows the result of the �t, whihdesribes the data perfetly (�2=dof = 1977=1890). On the right side, aMonte Carlo simulation of 100 minutes of data taking is shown. The lightgrey line indiates the polarisation values the Monte Carlo was generated at,while the dark grey line is a �t to the reonstruted values shown as dots. Inthe upper plot, the online method is used for the reonstrution and a smallbut lear deviation from the generated values an be seen. In the lower plotthe new �t method is used, and here the reonstruted values agree verywell with the generated ones, indiating the inrease in preision.3. SummaryAfter the luminosity upgrade, HERA will provide longitudinally po-larised leptons not only to HERMES, but also to H1 and ZEUS. The physisprogramme of the ollider experiments requires a preise measurement of thedegree of beam polarisation to better than ÆP=P = 1% per minute, mak-ing major hanges to both HERA polarimeters neessary. The longitudinalpolarimeter will be upgraded by a new laser�avity, whih is urrently un-der onstrution. The transverse polarimeter has already been suessfullyupgraded with a new silion strip detetor and a new data aquisition. Anunderstanding of the devie down to the subperent level seems feasible.
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