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DESY-06-015Measurement of high-Q2 deep inelastisattering ross setions with alongitudinally polarised positron beam atHERAZEUS CollaborationAbstratThe ross setions for harged and neutral urrent deep inelasti sattering ine+p ollisions with a longitudinally polarised positron beam have been measuredusing the ZEUS detetor at HERA. The results, based on data orresponding toan integrated luminosity of 23:8 pb�1 at ps = 318 GeV, are given for both e+pharged urrent and neutral urrent deep inelasti sattering for both positiveand negative values of the longitudinal polarisation of the positron beam. Singledi�erential ross setions are presented for the kinemati region Q2 > 200 GeV2.The measured ross setions are ompared to the preditions of the StandardModel. A �t to the data yields �CC(Pe = �1) = 7:4� 3:9(stat:)� 1:2(syst:) pb,whih is onsistent within two standard deviations with the absene of right-handed harged urrents in the Standard Model.Dediated to our friend and olleague Nikolaj Pavel.



The ZEUS CollaborationS. Chekanov, M. Derrik, S. Magill, S. Miglioranzi1, B. Musgrave, D. Niholass1, J. Repond,R. YoshidaArgonne National Laboratory, Argonne, Illinois 60439-4815, USA nM.C.K. MattinglyAndrews University, Berrien Springs, Mihigan 49104-0380, USAN. Pavel y, A.G. Yag�ues MolinaInstitut f�ur Physik der Humboldt-Universit�at zu Berlin, Berlin, GermanyS. Antonelli, P. Antonioli, G. Bari, M. Basile, L. Bellagamba, M. Bindi, D. Bosherini,A. Bruni, G. Bruni, L. Cifarelli, F. Cindolo, A. Contin, M. Corradi, S. De Pasquale,G. Iaobui, A. Margotti, R. Nania, A. Polini, L. Rinaldi, G. Sartorelli, A. ZihihiUniversity and INFN Bologna, Bologna, Italy eG. Aghuzumtsyan, D. Bartsh, I. Brok, S. Goers, H. Hartmann, E. Hilger, H.-P. Jakob,M. J�ungst, O.M. Kind, E. Paul2, J. Rautenberg, R. Renner, U. Samson3, V. Sh�onberg,M. Wang, M. WlasenkoPhysikalishes Institut der Universit�at Bonn, Bonn, Germany bN.H. Brook, G.P. Heath, J.D. Morris, T. NamsooH.H. Wills Physis Laboratory, University of Bristol, Bristol, United Kingdom mM. Capua, S. Fazio, A. Mastroberardino, M. Shioppa, G. Susinno, E. TassiCalabria University, Physis Department and INFN, Cosenza, Italy eJ.Y. Kim4, K.J. Ma5Chonnam National University, Kwangju, South Korea gZ.A. Ibrahim, B. Kamaluddin, W.A.T. Wan AbdullahJabatan Fizik, Universiti Malaya, 50603 Kuala Lumpur, Malaysia rY. Ning, Z. Ren, W.B. Shmidke, F. SiulliNevis Laboratories, Columbia University, Irvington on Hudson, New York 10027 oJ. Chwastowski, A. Eskreys, J. Figiel, A. Galas, M. Gil, K. Olkiewiz, P. Stopa, L. Zaw-iejskiThe Henryk Niewodnizanski Institute of Nulear Physis, Polish Aademy of Sienes,Craow, Poland iL. Adamzyk, T. Bo ld, I. Grabowska-Bo ld, D. Kisielewska, J.  Lukasik, M. Przybyie�n,L. Suszyki, Faulty of Physis and Applied Computer Siene, AGH-University of Sieneand Tehnology, Craow, Poland p I



A. Kota�nski6, W. S lomi�nskiDepartment of Physis, Jagellonian University, Craow, PolandV. Adler, U. Behrens, I. Bloh, A. Bonato, K. Borras, N. Coppola, J. Fourletova, A. Geiser,D. Gladkov, P. G�ottliher7, I. Gregor, O. Gutshe, T. Haas, W. Hain, C. Horn, B. Kahle,U. K�otz, H. Kowalski, H. Lim8, E. Lobodzinska, B. L�ohr, R. Mankel, I.-A. Melzer-Pellmann, A. Montanari, C.N. Nguyen, D. Notz, A.E. Nunio-Quiroz, R. Santamarta,U. Shneekloth, H. Stadie, U. St�osslein, D. Szuba9, J. Szuba10, T. Theedt, G. Watt,G. Wolf, K. Wrona, C. Youngman, W. ZeunerDeutshes Elektronen-Synhrotron DESY, Hamburg, GermanyS. ShlenstedtDeutshes Elektronen-Synhrotron DESY, Zeuthen, GermanyG. Barbagli, E. Gallo, P. G. PelferUniversity and INFN, Florene, Italy eA. Bamberger, A. Benen, D. Dobur, F. Karstens, N.N. Vlasov11Fakult�at f�ur Physik der Universit�at Freiburg i.Br., Freiburg i.Br., Germany bP.J. Bussey, A.T. Doyle, W. Dunne, J. Ferrando, D.H. Saxon, I.O. SkilliornDepartment of Physis and Astronomy, University of Glasgow, Glasgow, United King-dom mI. Gialas12Department of Engineering in Management and Finane, Univ. of Aegean, GreeeT. Gosau, U. Holm, R. Klanner, E. Lohrmann, H. Salehi, P. Shleper, T. Sh�orner-Sadenius,J. Sztuk, K. Wihmann, K. WikHamburg University, Institute of Exp. Physis, Hamburg, Germany bC. Foudas, C. Fry, K.R. Long, A.D. TapperImperial College London, High Energy Nulear Physis Group, London, United King-dom mM. Kataoka13, K. Nagano, K. Tokushuku14, S. Yamada, Y. YamazakiInstitute of Partile and Nulear Studies, KEK, Tsukuba, Japan fA.N. Barakbaev, E.G. Boos, A. Dossanov, N.S. Pokrovskiy, B.O. ZhautykovInstitute of Physis and Tehnology of Ministry of Eduation and Siene of Kazakhstan,Almaty, KazakhstanD. SonKyungpook National University, Center for High Energy Physis, Daegu, South Korea gII



J. de Favereau, K. PiotrzkowskiInstitut de Physique Nul�eaire, Universit�e Catholique de Louvain, Louvain-la-Neuve, Bel-gium qF. Barreiro, C. Glasman15, M. Jimenez, L. Labarga, J. del Peso, E. Ron, J. Terr�on,M. ZambranaDepartamento de F��sia Te�oria, Universidad Aut�onoma de Madrid, Madrid, Spain lF. Corriveau, C. Liu, R. Walsh, C. ZhouDepartment of Physis, MGill University, Montr�eal, Qu�ebe, Canada H3A 2T8 aT. TsurugaiMeiji Gakuin University, Faulty of General Eduation, Yokohama, Japan fA. Antonov, B.A. Dolgoshein, I. Rubinsky, V. Sosnovtsev, A. Stifutkin, S. SuhkovMosow Engineering Physis Institute, Mosow, Russia jR.K. Dementiev, P.F. Ermolov, L.K. Gladilin, I.I. Katkov, L.A. Khein, I.A. Korzhav-ina, V.A. Kuzmin, B.B. Levhenko, O.Yu. Lukina, A.S. Proskuryakov, L.M. Shheglova,D.S. Zotkin, S.A. ZotkinMosow State University, Institute of Nulear Physis, Mosow, Russia kI. Abt, C. B�uttner, A. Caldwell, D. Kollar, X. Liu, J. SutiakMax-Plank-Institut f�ur Physik, M�unhen, GermanyG. Grigoresu, A. Keramidas, E. Ko�eman, P. Kooijman, E. Maddox, H. Tieke, M. V�azquez16,L. WiggersNIKHEF and University of Amsterdam, Amsterdam, Netherlands hN. Br�ummer, B. Bylsma, L.S. Durkin, A. Lee, T.Y. LingPhysis Department, Ohio State University, Columbus, Ohio 43210 nP.D. Allfrey, M.A. Bell, A.M. Cooper-Sarkar, A. Cottrell, R.C.E. Devenish, B. Foster,C. Gwenlan17, K. Korsak-Gorzo, S. Patel, V. Roberfroid18, A. Robertson, P.B. Straub,C. Uribe-Estrada, R. WalzakDepartment of Physis, University of Oxford, Oxford United Kingdom mP. Bellan, A. Bertolin, R. Brugnera, R. Carlin, R. Ciesielski, F. Dal Corso, S. Dusini,A. Garfagnini, S. Limentani, A. Longhin, L. Stano, M. TuratoDipartimento di Fisia dell' Universit�a and INFN, Padova, Italy eB.Y. Oh, A. Raval, J.J. WhitmoreDepartment of Physis, Pennsylvania State University, University Park, Pennsylvania16802 oY. IgaPolytehni University, Sagamihara, Japan fIII



G. D'Agostini, G. Marini, A. NigroDipartimento di Fisia, Universit�a 'La Sapienza' and INFN, Rome, Italy eJ.E. Cole, J.C. HartRutherford Appleton Laboratory, Chilton, Didot, Oxon, United Kingdom mH. Abramowiz19, A. Gabareen, S. Kananov, A. LevyRaymond and Beverly Sakler Faulty of Exat Sienes, Shool of Physis, Tel-AvivUniversity, Tel-Aviv, Israel dM. KuzeDepartment of Physis, Tokyo Institute of Tehnology, Tokyo, Japan fR. Hori, S. Kagawa20, S. Shimizu, T. TawaraDepartment of Physis, University of Tokyo, Tokyo, Japan fR. Hamatsu, H. Kaji, S. Kitamura21, O. Ota, Y.D. RiTokyo Metropolitan University, Department of Physis, Tokyo, Japan fM.I. Ferrero, V. Monao, R. Sahi, A. Solano, A. StaianoUniversit�a di Torino and INFN, Torino, Italy eM. Arneodo, M. RuspaUniversit�a del Piemonte Orientale, Novara, and INFN, Torino, Italy eS. Fourletov, J.F. MartinDepartment of Physis, University of Toronto, Toronto, Ontario, Canada M5S 1A7 aJ.M. Butterworth, R. Hall-Wilton16, T.W. Jones, J.H. Loizides, M.R. Sutton22, C. Targett-Adams, M. WingPhysis and Astronomy Department, University College London, London, United King-dom mB. Brzozowska, J. Ciborowski23, G. Grzelak, P. Kulinski, P.  Lu_zniak24, J. Malka24, R.J. Nowak,J.M. Pawlak, T. Tymienieka, A. Ukleja25, J. Ukleja26, A.F. _ZarnekiWarsaw University, Institute of Experimental Physis, Warsaw, PolandM. Adamus, P. Pluinski27Institute for Nulear Studies, Warsaw, PolandY. Eisenberg, D. Hohman, U. KarshonDepartment of Partile Physis, Weizmann Institute, Rehovot, Israel E. Brownson, T. Danielson, A. Everett, D. K�ira, D.D. Reeder, M. Rosin, P. Ryan,A.A. Savin, W.H. Smith, H. WolfeDepartment of Physis, University of Wisonsin, Madison, Wisonsin 53706, USA nIV



S. Bhadra, C.D. Catterall, Y. Cui, G. Hartner, S. Menary, U. Noor, M. Soares, J. Standage,J. WhyteDepartment of Physis, York University, Ontario, Canada M3J 1P3 a

V



1 also aÆliated with University College London, UK2 retired3 formerly U. Meyer4 supported by Chonnam National University in 20055 supported by a sholarship of the World Laboratory Bj�orn Wiik Researh Projet6 supported by the researh grant no. 1 P03B 04529 (2005-2008)7 now at DESY group FEB, Hamburg, Germany8 now at Argonne National Laboratory, Argonne, IL, USA9 also at INP, Craow, Poland10 on leave of absene from FPACS, AGH-UST, Craow, Poland11 partly supported by Mosow State University, Russia12 also aÆliated with DESY13 now at ICEPP, University of Tokyo, Japan14 also at University of Tokyo, Japan15 Ram�on y Cajal Fellow16 now at CERN, Geneva, Switzerland17 PPARC Postdotoral Researh Fellow18 EU Marie Curie Fellow19 also at Max Plank Institute, Munih, Germany, Alexander von Humboldt ResearhAward20 now at KEK, Tsukuba, Japan21 Department of Radiologial Siene22 PPARC Advaned fellow23 also at  L�od�z University, Poland24  L�od�z University, Poland25 supported by the Polish Ministry for Eduation and Siene grant no. 1 P03B 1262926 supported by the KBN grant no. 2 P03B 1272527 supported by the Polish Ministry for Eduation and Siene grant no. 1 P03B 14129y deeased
VI



a supported by the Natural Sienes and Engineering Researh Counil ofCanada (NSERC)b supported by the German Federal Ministry for Eduation and Researh(BMBF), under ontrat numbers HZ1GUA 2, HZ1GUB 0, HZ1PDA 5,HZ1VFA 5 supported in part by the MINERVA Gesellshaft f�ur Forshung GmbH, the Is-rael Siene Foundation (grant no. 293/02-11.2) and the U.S.-Israel BinationalSiene Foundationd supported by the German-Israeli Foundation and the Israel Siene Foundatione supported by the Italian National Institute for Nulear Physis (INFN)f supported by the Japanese Ministry of Eduation, Culture, Sports, Sieneand Tehnology (MEXT) and its grants for Sienti� Researhg supported by the Korean Ministry of Eduation and Korea Siene and Engi-neering Foundationh supported by the Netherlands Foundation for Researh on Matter (FOM)i supported by the Polish State Committee for Sienti� Researh,grant no. 620/E-77/SPB/DESY/P-03/DZ 117/2003-2005 and grant no.1P03B07427/2004-2006j partially supported by the German Federal Ministry for Eduation and Re-searh (BMBF)k supported by RF Presidential grant N 1685.2003.2 for the leading sienti�shools and by the Russian Ministry of Eduation and Siene through itsgrant for Sienti� Researh on High Energy Physisl supported by the Spanish Ministry of Eduation and Siene through fundsprovided by CICYTm supported by the Partile Physis and Astronomy Researh Counil, UKn supported by the US Department of Energyo supported by the US National Siene Foundationp supported by the Polish Ministry of Sienti� Researh and Information Teh-nology, grant no. 112/E-356/SPUB/DESY/P-03/DZ 116/2003-2005 and 1P03B 065 27q supported by FNRS and its assoiated funds (IISN and FRIA) and by anInter-University Attration Poles Programme subsidised by the Belgian FederalSiene Poliy OÆer supported by the Malaysian Ministry of Siene, Tehnology and Innova-tion/Akademi Sains Malaysia grant SAGA 66-02-03-0048VII



1 IntrodutionDeep inelasti sattering (DIS) of leptons o� nuleons is an important proess in theunderstanding of the struture of the proton and has been vital in the development of theStandard Model (SM). The HERA ep ollider allows the exploration of DIS at high valuesof the negative four-momentum-transfer squared, Q2. Using data taken in the years 1994-2000 the H1 and ZEUS ollaborations have reported measurements of the ross setionsfor harged urrent (CC) and neutral urrent (NC) DIS [1{10℄. These measurementsextend the kinemati region overed by �xed-target experiments [11℄ to higher Q2 valuesand probe the eletroweak setor of the Standard Model.Polarised eletron-nuleon deep inelasti sattering was �rst performed in the 1970s atlow values of Q2. The results established parity violation attributable to the weak neutralurrent [12℄. Sine 2002, the upgraded HERA ollider has delivered longitudinally po-larised lepton beams to the ollider experiments. The luminosity was also higher than inprevious years. In the kinemati range of HERA, the SM predits that the ross setionsfor harged and neutral urrent ep DIS should exhibit spei� dependenies on the longi-tudinal polarisation of the inoming lepton beam. The absene of right-handed hargedurrents leads to the predition that the harged urrent ross setion will be a linear fun-tion of polarisation, vanishing for right-handed (left-handed) eletron (positron) beams.This paper presents measurements of the ross setions for e+p CC and NC DIS at highQ2 with longitudinally polarised positron beams using the ZEUS detetor. The measure-ments are based on 11:5 pb�1 of data olleted between April and June 2004 at a meanluminosity-weighted polarisation of �0:41, and 12:3 pb�1 olleted between June and Au-gust 2004 at a polarisation of +0:32. During this time HERA ollided protons of energy920 GeV with positrons of energy 27:5 GeV, yielding ollisions at a entre-of-mass energyof 318 GeV. The measured ross setions are ompared to the preditions of the SM.Similar results have reently been published by the H1 Collaboration [13℄.2 Standard Model preditionsInlusive deep inelasti lepton-proton sattering an be desribed in terms of the kinemativariables x and Q2. The variable Q2 is de�ned by Q2 = �q2 = �(k � k0)2 where k andk0 are the four-momenta of the inoming and sattered lepton, respetively. Bjorken xis de�ned by x = Q2=(2P � q), where P is the four-momentum of the inoming proton.The inelastiity variable y is determined from Q2 = sxy, where s is the square of thelepton-proton entre-of-mass energy (negleting the masses of the inoming partiles).1



The eletroweak Born level ross setion for the CC reatione+p ! ��eX;with a longitudinally polarised positron beam, an be expressed at leading order in QCDas [14℄d2�CC(e+p)dxdQ2 = (1 + Pe) G2F4�x� M2WM2W + Q2�2 � �Y+FCC2 (x;Q2)� Y�xFCC3 (x;Q2)�;where GF is the Fermi onstant, MW is the mass of the W boson and Y� = 1� (1� y)2.The struture-funtions FCC2 and xFCC3 may be written in terms of sums and di�erenesof quark and antiquark parton density funtions (PDFs) of the proton as follows:FCC2 = x[d(x;Q2) + s(x;Q2) + �u(x;Q2) + �(x;Q2)℄;xFCC3 = x[d(x;Q2) + s(x;Q2)� �u(x;Q2)� �(x;Q2)℄;where, for example, the PDF d(x;Q2) gives the number density of down quarks withmomentum-fration x at a given Q2. The longitudinal polarisation of the positron beamis de�ned as Pe = NR �NLNR + NL ;where NR and NL are the numbers of right1- and left-handed positrons in the beam,respetively. Similarly the ross setion for the NC reatione+p! e+X;an be expressed as [14℄ d2�NC(e+p)dxdQ2 = 2��2xQ4 [H+0 � PeH+Pe℄;1 At HERA beam energies the mass of the inoming leptons may be negleted, and therefore the di�er-ene between handedness and heliity may also be negleted.2



where � is the QED oupling onstant and H+0 and H+Pe ontain the unpolarised andpolarised struture funtions, respetively, suh that at leading order in QCDH+0 = Y+F 02 � Y�xF 03 ; F 02 = Xq x(+�q)A0q; xF 03 = Xq x(q � �q)B0q ;andH+Pe = Y+F Pe2 � Y�xF Pe3 ; F Pe2 =Xq x(q + �q)APeq ; xF Pe3 = Xq x(q � �q)BPeq ;where q(x;Q2) and �q(x;Q2) are the quark and antiquark PDFs, respetively, and the sumsrun over the �ve ative quark avours. The A and B oeÆients ontain the quark andpositron ouplings to the photon and Z boson and are given byA0q = e2q � 2eqvqve�Z + (v2q + a2q)(v2e + a2e)�2Z;B0q = �2eqaqae�Z + 4vqaqveae�2Z;and APeq = 2eqvqae�Z � 2(v2q + a2q)veae�2Z;BPeq = 2eqaqve�Z � 2vqaq(v2e + a2e)�2Z;where ef is the eletri harge in units of the positron harge and af and vf are theaxial and vetor ouplings of the fermion f . The ouplings are de�ned by af = If3 andvf = If3 � 2ef sin2 �W where If3 is the third omponent of weak isospin and �W is theWeinberg angle. The quantity �Z is proportional to the ratio of the Z0 and photonpropagators: �Z = 1sin2 2�W � Q2M2Z + Q2�;where MZ is the mass of the Z0 boson. 3



3 Experimental apparatusA detailed desription of the ZEUS detetor an be found elsewhere [15℄. A brief outlineof the omponents most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [16℄, whih operatesin a magneti �eld of 1:43 T provided by a thin superonduting solenoid. The CTDonsists of 72 ylindrial drift hamber layers, organised in nine superlayers overing thepolar-angle2 region 15Æ < � < 164Æ. In 2001 a silion mirovertex detetor (MVD) [17℄was installed between the beampipe and the inner radius of the CTD. The MVD isorganised into a barrel with 3 ylindrial layers and a forward setion with four planarlayers perpendiular to the HERA beam diretion. The barrel ontains 600 single-sidedsilion strip sensors eah having 512 strips of width 120 �m; the forward setion ontains112 sensors eah of whih has 480 strips of width 120 �m. Charged-partile traks werereonstruted using information from the CTD and MVD.The high-resolution uranium{sintillator alorimeter (CAL) [18℄ onsists of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeter, overing 99.7%of the solid angle around the nominal interation point. Eah part is subdivided trans-versely into towers and longitudinally into one eletromagneti setion (EMC) and eitherone (in RCAL) or two (in BCAL and FCAL) hadroni setions (HAC). The smallestsubdivision of the alorimeter is alled a ell. The CAL relative energy resolutions,as measured under test-beam onditions, are �(E)=E = 0:18=pE for eletrons and�(E)=E = 0:35=pE for hadrons, with E in GeV. The timing resolution of the CALis better than 1 ns for energy deposits exeeding 4.5 GeV. The position of the interationvertex along the beam diretion an be reonstruted from the arrival time of energydeposits in FCAL. The resolution is about 10 m for events with FCAL energy above25 GeV, improving to about 8 m for FCAL energy above 100 GeV.An iron struture that surrounds the CAL is instrumented as a baking alorimeter(BAC) [19℄ to measure energy leakage from the CAL. Muon hambers in the forward,barrel and rear [20℄ regions are used in this analysis to veto bakground events induedby osmi-ray or beam-halo muons.The luminosity was measured using the Bethe-Heitler reation ep! ep by the luminositydetetor whih onsists of two independent systems. In the �rst system the photons aredeteted by a lead{sintillator alorimeter plaed in the HERA tunnel 107 m from the2 The ZEUS oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam diretion, referred to as the \forward diretion", and the X axis pointing left towardsthe entre of HERA. The polar angle, �, is measured with respet to the proton beam diretion. Theoordinate origin is at the nominal interation point.4



interation point in the positron-beam diretion. The system used in previous ZEUSpubliations [21℄ was modi�ed by the addition of ative �lters in order to suppress theinreased synhrotron radiation bakground of the upgraded HERA ollider. The seondsystem is a magneti spetrometer arrangement [22℄. A small fration (� 9%) of thesmall-angle energeti photons from the Bethe-Heitler proess onvert in the exit windowof the vauum hamber. Eletron-positron pairs from the onverted photons were bentvertially by a dipole magnet and deteted in tungsten-sintillator alorimeters loatedabove and below the photon beam at Z = �104 m. The advantage of the spetrometersystem is that it does not su�er from pile-up (multiple interations at high luminosity)and is not sensitive to diret synhrotron radiation, whereas the alorimeter system hashigher aeptane. The frational unertainty on the measured luminosity was 3.5%.The lepton beam in HERA beomes naturally transversely polarised through the Sokolov-Ternov e�et [23℄. The harateristi build-up time expeted for the HERA aeleratoris approximately 40 minutes. Spin rotators on either side of the ZEUS detetor hangethe transverse polarisation of the beam into longitudinal polarisation. The positron beampolarisation was measured using two independent polarimeters, the transverse polarimeter(TPOL) [24℄ and the longitudinal polarimeter (LPOL) [25℄. Both devies exploit thespin-dependent ross setion for Compton sattering of irularly polarised photons o�positrons to measure the beam polarisation. The transverse polarimeter was upgraded in2001 to provide a fast measurement for every positron bunh, and position-sensitive silionstrip and sintillating-�bre detetors were added to investigate systemati e�ets [26℄. Theluminosity and polarisation measurements were made over times that were muh shorterthan the polarisation build-up time.4 Monte Carlo simulationMonte Carlo (MC) simulations were used to determine the eÆieny for seleting eventsand the auray of kinemati reonstrution, to estimate the ep bakground rate andto extrapolate the measured ross setions to the full kinemati region. A suÆientnumber of events were generated to ensure that unertainties from MC statistis weresmall ompared to other unertainties.Neutral and harged urrent DIS events inluding radiative e�ets were simulated usingthe Djangoh [27℄ generator. The polarisation dependene of radiative e�ets in CCDIS, negleted in Djangoh, was heked using the Grae [28℄ program and found tobe negligible. The hadroni �nal state was simulated using the olour-dipole model ofAriadne 4.10 [29℄ and, as a systemati hek, the Meps model of Lepto 6.5 [30℄.Both programs use the Lund string model of Jetset 7.4 [31℄ for the hadronisation. The5



photoprodution bakground was estimated using events simulated with Herwig 5.9 [32℄.Di�rative NC events were generated using the Rapgap 2.08/06 [33℄ program and mixedwith the non-di�rative MC events in order to simulate the hadroni �nal state aurately.Bakground to the CC signal from W prodution was estimated using the Epve 1.0 [34℄generator and bakground from the prodution of harged-lepton pairs was generatedusing the Grape 1.1 [35℄ program.The vertex distribution in data is a ruial input to the MC simulation for the orretevaluation of the event-seletion eÆieny. Therefore, the Z-vertex distribution used inthe MC simulation was determined from a sample of NC DIS events in whih the event-seletion eÆieny was independent of Z.5 Kinemati ReonstrutionCharged urrent events are haraterised by a large missing transverse momentum, PT;miss,the magnitude of whih is alulated asP 2T;miss = P 2x + P 2y =  Xi Ei sin �i os�i!2 + Xi Ei sin �i sin�i!2 ;where the sum runs over all alorimeter energy deposits Ei, (orreted [4℄ for energy lossin inative material and other e�ets in the o�ine analysis) and �i and �i are the polarand azimuthal angles of the alorimeter energy deposit as viewed from the interationvertex. The hadroni polar angle, h, is de�ned by os h = (P 2T;miss � Æ2)=(P 2T;miss + Æ2),where Æ =P(Ei�Ei os �i) = P(E�Pz)i. In the naive Quark Parton Model, h gives thesattering angle of the struk quark in the lab frame. The total transverse energy, ET , isgiven by ET = PEi sin �i. The kinemati variables xJB, yJB and Q2JB for harged urrentevents were reonstruted from the measured PT;miss and Æ using the Jaquet-Blondelmethod [36℄.Neutral urrent events are haraterised by the presene of a high-energy isolated satteredpositron in the detetor. It follows from longitudinal momentum onservation that forwell measured NC events, Æ peaks at twie the positron beam energy or 55 GeV. Thehadroni transverse momentum, PT;h, and Æh were alulated in the same way as theorresponding quantities in CC events, but exluding energy deposits assoiated with thesattered positron. The hadroni polar angle, h, was alulated from PT;h, and Æh inthe same way as the CC ase. The sattered positron energy, E 0e, and polar angle, �e,were determined from the energy deposit and mathed trak of the sattered positronandidate, respetively. 6



The double-angle method [37℄ was used to estimate the kinemati variables xDA, yDA andQ2DA for the neutral urrent events using the measured values of �e and h.6 Event seletionZEUS operates a three-level trigger system [15,38℄. Charged urrent events were seletedusing riteria based on missing transverse momentum measured by the CAL [9℄. Neutralurrent DIS events were seleted using riteria based on an energy deposit in the CALonsistent with an isolated positron [10℄.6.1 Charged urrentThe following riteria were imposed to selet CC events and to rejet bakground:� missing transverse momentum: PT;miss > 12 GeV was required and, in addition, themissing transverse momentum, exluding the alorimeter ells adjaent to the forwardbeam hole, P 0T;miss, was required to satisfy P 0T;miss > 10 GeV. The P 0T;miss ut stronglysuppresses beam-gas events while maintaining high eÆieny for CC events;� primary vertex: events were required to satisfy jZVTXj < 50 m. The Z oordinate ofthe vertex, reonstruted using the traking detetors, was required to be onsistentwith that of an ep interation. For events with an hadroni angle, h, of less than23Æ, the vertex Z position was reonstruted from the measured arrival time of energydeposits in FCAL [39℄, and the PT;miss and P 0T;miss thresholds were inreased to 14 and12 GeV, respetively;� rejetion of photoprodution: PT;miss=ET > 0:4 was required for events with 20 <PT;miss < 30 GeV; PT;miss=ET > 0:55 was required for events with PT;miss < 20 GeV.These requirements selet events with an azimuthally ollimated energy ow. In ad-dition, it was required that the angle between the transverse momentum measuredusing the traks and that measured by the alorimeter was less than one radian forevents with PT;miss < 30 GeV;� rejetion of NC DIS: NC DIS events in whih the sattered positron or the hadronisystem is poorly measured an have signi�ant missing transverse momentum. Eventswith Æ > 30 GeV and an isolated eletromagneti luster with energy of at least 4 GeVmeasured in the alorimeter were rejeted;� rejetion of non-ep bakground: interations between one of the beams and the residualgas in the beam pipe or upstream aelerator omponents an lead to events withsigni�ant missing transverse momentum. However, for suh interations, the arrival7



times of energy deposits in the alorimeter are inonsistent with the bunh-rossingtime and were used to rejet suh events. Muon-�nding algorithms based on traking,alorimeter and muon-hamber information were used to rejet events aused by osmirays or muons in the beam halo. In addition, the shape of hadroni showers in thealorimeter was used to rejet halo-muon events depositing energy in the forwardalorimeter. Further details an be found elsewhere [40,41℄;� kinemati region: events were required to satisfy Q2JB > 200 GeV2 and yJB < 0:9.These requirements restrited the event sample to a region where the resolution of thekinemati quantities was good and the bakground was small [9℄.All events were visually inspeted; 12 osmi-ray and halo-muon events were removedfrom the negative-polarisation sample and 8 from the positive-polarisation sample. Atotal of 158 data events satis�ed all riteria in the negative-polarisation sample and 311in the positive-polarisation sample.The main bakground remaining after the seletion was photoprodution events, the rosssetion for whih is independent of the longitudinal polarisation of the positron beam. Theontamination was estimated from MC to be typially less than 1% but was as high as5% in the lowest-Q2 bin of the negative-polarisation sample.Figure 1 shows a omparison of data and MC distributions for the CC sample. The MCsample, whih was weighted to the measured polarisations and luminosities of the datasamples, gives a satisfatory desription of the data.6.2 Neutral urrentThe following riteria were imposed to selet NC events:� positron identi�ation: an algorithm whih ombined information from the energydeposits in the alorimeter with traks was used to identify sattered positrons. A�duial-volume ut was applied to guarantee that the experimental aeptane waswell understood [10℄. To ensure high purity and rejet bakground, the identi�edpositron was required to have an energy of at least 10 GeV and be isolated suh thatthe energy in an � � � one of radius 0.8 entred on the positron, but not assoiatedwith it, was less than 5 GeV. For events in whih a positron was found within theaeptane of the traking detetors, a trak mathed to the energy deposit in thealorimeter was required. For events with a positron at a smaller polar angle thanthe aeptane of the traking detetors, the trak requirement was replaed with therequirement that the transverse momentum of the positron exeed 30 GeV;� primary vertex: events were required to satisfy jZVTXj < 50 m. The Z oordinate ofthe ep interation vertex was reonstruted using traks;8



� bakground rejetion: the requirement 38 < Æ < 65 GeV was imposed to remove pho-toprodution and beam-gas events, and to redue the number of events with signi�antQED initial-state radiation. The lower threshold was inreased to 44 GeV for eventswhih did not have a trak mathed to the positron andidate. To further redue bak-ground from photoprodution, y alulated using the eletron method was requiredto satisfy ye < 0:95. The net transverse momentum is expeted to be small, so, inorder to remove osmi-ray events and beam related bakground events, the quantityPT;miss=pET was required to be less than 4pGeV, and the quantity PT;miss=ET wasrequired to be less than 0.7;� QED Compton rejetion: to redue the size of the QED radiative orretions, elas-ti Compton-sattering events were rejeted. The ontribution from deeply-virtualCompton sattering was negligible;� kinemati region: to avoid regions of phase spae in whih the MC generator was notvalid, the quantity yJB(1�xDA) was required to be greater than 0.004. The �nal eventsample was de�ned by requiring Q2DA > 200 GeV2.A total of 20642 events passed the seletion riteria in the negative polarisation sample and22395 in the positive polarisation sample. The bakground ontamination, dominated bymisidenti�ed photoprodution, was typially less than 1%. Figure 2 shows a omparisonof data and MC distributions for the NC sample. The MC sample gives a generally gooddesription of the data. The e�et of the positron �duial-volume uts an be seen in thepositron angle (� 2:4 rad) and Q2 (� 600 GeV2) distributions.7 Cross setion determinationThe measured ross setion in a partiular kinemati bin, for example in d�=dQ2, wasdetermined from d�BorndQ2 = Ndata�NbgNMC � d�SMBorndQ2 ;where Ndata is the number of data events, Nbg is the number of bakground events esti-mated from the MC simulation and NMC is the number of signal MC events. The SMpredition d�SMBorn=dQ2 was evaluated in the on-shell sheme using the PDG [42℄ values forthe eletroweak parameters and the CTEQ5D PDFs [43℄. Consequently, the aeptane,as well as the bin-entring and radiative orretions were all taken from the MC simula-tion. The radiative orretions de�ne the measured ross setion to have only tree-levelQED and eletroweak ontributions. A similar proedure was used for d�=dx and d�=dy.9



The major soures of systemati unertainty in the CC ross setions ome from theunertainties in alorimeter energy sale and the parton-shower sheme. The former wasestimated using a method detailed in previous publiations [7,9℄ for the NC data sample.The resulting shifts in the ross setions were typially less than 10%, but inreased to20% in the highest Q2 bin and 30% in the highest x bin.To estimate the sensitivity of the results to the details of the simulation of the hadroni�nal state, the Lepto Meps model was used instead of the Ariadne model for alulat-ing the aeptane orretions. The largest e�ets of � 5% were observed in the highestQ2 and x bins.The unertainty in the small ontribution from photoprodution was estimated by �ttinga linear ombination of the PT;miss=ET distributions of the signal and the bakground MCsamples to the orresponding distribution in the data, allowing the normalisation of thephotoprodution MC events to vary. No ut on PT;miss=ET was applied for this hek.Varying the normalisation of the photoprodution events by the unertainty in the �t of�30% resulted in hanges of the measured ross setions within �3%.The systemati unertainties of the seletion uts were estimated by varying the thresholdvalue of eah seletion ut independently by around 10%, whih is a reasonable math tothe resolution. The resulting shifts in the ross setions were typially within �5%.A major soure of systemati unertainty in the NC ross setion ame from the uner-tainty in the parton-shower sheme, whih gave hanges in the ross setion of typiallywithin �2% but up to 4% at high Q2. Unertainty in the eletromagneti energy sale wasestimated by varying the energy sale by �1%. However, due to the use of the double-angle reonstrution, the resulting shifts in the ross setion were typially < 0:5%. Thesystemati e�ets of the seletion uts were estimated by varying the threshold valueof eah seletion ut independently by values ommensurate with the resolutions. Theresulting shifts in the ross setions were typially within �1%.The individual unertainties were added in quadrature separately for the positive andnegative deviations from the nominal ross-setion values to obtain the total systematiunertainty. The unertainty in the measured polarisation, ÆPe=Pe, was 1.6% using theLPOL and 3.5% using the TPOL. The hoie of polarimeter measurement was made tomaximise the available luminosity for the analysis, while minimising the unertainty inthe measured polarisation, on a run-by-run basis.The relative unertainty in the measured luminosity of 3.5% was not inluded in the totalunertainty shown in the di�erential ross-setion �gures.10



8 ResultsIn the following, measurements of total ross setions and di�erential ross setions inx, y and Q2 for the harged urrent reation are presented. In addition, ross setionsdi�erential in Q2 were measured for the neutral urrent reation.The total ross setions for e+p CC DIS in the kinemati region Q2 > 200 GeV2 are�CC(Pe = 0:32 � 0:01) = 42:8 � 2:4(stat:)� 1:9(syst:) pb;and �CC(Pe = �0:41 � 0:01) = 23:3 � 1:9(stat:)� 1:0(syst:) pb:inluding the unertainty from the measured luminosity. The total ross setion is shownas a funtion of the longitudinal polarisation of the positron beam in Fig. 3, inluding theunpolarised ZEUS measurement from the 1999-2000 data [9℄. The data are ompared tothe Standard Model predition evaluated using the ZEUS-JETS [44℄ and CTEQ6D [45℄PDFs. The SM predition desribes the data well. A linear �t to the data yields anextrapolated value of�CC(Pe = �1) = 7:4 � 3:9(stat:)� 1:2(syst:) pb;with �2 = 0:1, onsistent within two standard deviations with the absene of right-handedharged urrents in the SM. In the �t, the systemati unertainties of the two polariseddata points were onsidered fully orrelated and the unertainities in the measured po-larisation fully anti-orrelated. The systemati unertainty in the unpolarised data pointwas onsidered to be unorrelated with the polarised points.The single-di�erential ross-setions d�=dQ2, d�=dx and d�=dy for harged urrent DISare shown in Fig. 4. A lear di�erene is observed between the measurements for positiveand negative longitudinal polarisation, whih is independent of the kinemati variables.The e�ets are well desribed by the SM evaluated using the ZEUS-JETS PDFs.Figure 5 shows the di�erential ross-setion d�=dQ2 for NC DIS for positive and nega-tive longitudinal polarisations and the ratio of the two ross setions. Only statistialunertainties were onsidered when taking the ratio of the positively and negatively po-larised ross setions. The measurements are well desribed by the SM evaluated usingthe ZEUS-JETS PDFs and are onsistent with the expetations of the eletroweak Stan-dard Model for polarised NC DIS. A �2 test for the Q2 > 1000 GeV2 data points yields�2 = 0:3 per data point for the SM and 1.5 for no polarisation dependene.11



9 SummaryThe ross setions for harged and neutral urrent deep inelasti sattering in e+p ollisionswith a longitudinally polarised positron beam have been measured. The measurementsare the �rst from the ZEUS ollaboration in the seond phase of HERA operation and arebased on data orresponding to an integrated luminosity of 23:8 pb�1 olleted in 2004 at aentre-of-mass energy of 318 GeV. The ross setions for e+p harged urrent deep inelas-ti sattering are di�erent for positive and negative values of the positron beam longitu-dinal polarisation. In addition, single di�erential ross setions are presented for hargedand neutral urrent deep inelasti sattering in the kinemati region Q2 > 200 GeV2. Themeasured ross setions are well desribed by the preditions of the Standard Model. A �tto the ross-setion measurements yields �CC(Pe = �1) = 7:4� 3:9(stat:)� 1:2(syst:) pb,whih is within two standard deviations of the predition of the Standard Model of zero.AknowledgementsWe are grateful to the DESY diretorate for their strong support and enouragement.We thank the HERA mahine group whose outstanding e�orts resulted in the suessfulupgrade of the HERA aelerator whih made this work possible. We also thank theHERA polarimeter group for providing the measurements of the lepton-beam polarisation.The design, onstrution and installation of the ZEUS detetor has been made possible bythe e�orts of many people not listed as authors. It is a pleasure to thank H. Spiesbergerand T. Abe for useful disussions.
12



Referenes[1℄ H1 Collaboration, T. Ahmed et al., Phys. Lett. B 324 (1994) 241;H1 Collaboration, S. Aid et al., Z. Phys. C 67 (1995) 565;H1 Collaboration, S. Aid et al., Phys. Lett. B 379 (1996) 319;H1 Collaboration, S. Aid et al., Nul. Phys. B 470 (1996) 3;H1 Collaboration, C. Adlo� et al., Nul. Phys. B 497 (1997) 3;H1 Collaboration, C. Adlo� et al., Eur. Phys. J. C 13 (2000) 609;H1 Collaboration, C. Adlo� et al., Eur. Phys. J. C 19 (2001) 269;H1 Collaboration, C. Adlo� et al., Eur. Phys. J. C 21 (2001) 33;H1 Collaboration, C. Adlo� et al., Eur. Phys. J. C 30 (2003) 1.[2℄ ZEUS Collaboration, M. Derrik et al., Phys. Rev. Lett. 75 (1995) 1006.[3℄ ZEUS Collaboration, M. Derrik et al., Z. Phys. C 72 (1996) 47.[4℄ ZEUS Collaboration, J. Breitweg et al., Eur. Phys. J. C 11 (1999) 427.[5℄ ZEUS Collaboration, J. Breitweg et al., Eur. Phys. J. C 12 (2000) 411. Erratum inEur. Phys. J. C 27, 305 (2003).[6℄ ZEUS Collaboration, S. Chekanov et al., Eur. Phys. J. C 21 (2001) 443.[7℄ ZEUS Collaboration, S. Chekanov et al., Phys. Lett. B 539 (2002) 197. Erratum inPhys. Lett. B 552, 308 (2003).[8℄ ZEUS Collaboration, S. Chekanov et al., Eur. Phys. J. C 28 (2003) 175.[9℄ ZEUS Collaboration, S. Chekanov et al., Eur. Phys. J. C 32 (2003) 1.[10℄ ZEUS Collaboration, S. Chekanov et al., Phys. Rev. D 70 (2004) 052001.[11℄ CDHS Collaboration, H. Abramowiz et al., Z. Phys. C 25 (1984) 29;CDHSW Collaboration, J.P. Berge et al., Z. Phys. C 49 (1991) 187;CCFR Collaboration, E. Oltman et al., Z. Phys. C 53 (1992) 51;BEBC Collaboration, G.T. Jones et al., Z. Phys. C 62 (1994) 575.[12℄ C.Y. Presott et al., Phys. Lett. B 77 (1978) 347.[13℄ H1 Collaboration, A. Aktas et al., Phys. Lett. B 634 (2006) 173.[14℄ R. Devenish and A. Cooper-Sarkar, Deep Inelasti Sattering. Oxford UniversityPress, 2003, and referenes therein.[15℄ ZEUS Collaboration, U. Holm (ed.), The ZEUS Detetor. Status Report(unpublished), DESY (1993), available onhttp://www-zeus.desy.de/bluebook/bluebook.html.13



[16℄ N. Harnew et al., Nul. Inst. Meth. A 279 (1989) 290;B. Foster et al., Nul. Phys. Pro. Suppl. B 32 (1993) 181;B. Foster et al., Nul. Inst. Meth. A 338 (1994) 254.[17℄ E.N. Ko�eman, for the ZEUS MVD group, Nul. Inst. Meth. A 453 (2000) 89;D. Dannheim et al., Nul. Inst. Meth. A 505 (2003) 663.[18℄ M. Derrik et al., Nul. Inst. Meth. A 309 (1991) 77;A. Andresen et al., Nul. Inst. Meth. A 309 (1991) 101;A. Caldwell et al., Nul. Inst. Meth. A 321 (1992) 356;A. Bernstein et al., Nul. Inst. Meth. A 336 (1993) 23.[19℄ H. Abramowiz et al., Nul. Inst. Meth. A 313 (1992) 126.[20℄ G. Abbiendi et al., Nul. Inst. Meth. A 333 (1993) 342.[21℄ J. Andruszk�ow et al., Preprint DESY-92-066, DESY, 1992;ZEUS Collaboration, M. Derrik et al., Z. Phys. C 63 (1994) 391;J. Andruszk�ow et al., Ata Phys. Pol. B 32 (2001) 2025.[22℄ M. Helbih et al., Preprint physis/0512153, 2005.[23℄ A.A. Sokolov and I.M. Ternov, Sov. Phys. Dokl. 8 (1964) 1203.[24℄ D.P. Barber et al., Nul. Inst. Meth. A 329 (1993) 79.[25℄ M. Bekmann et al., Nul. Inst. Meth. A 479 (2002) 334.[26℄ Polarization 2000 Group, V. Andreev et al., A Proposal for an Upgrade of theHERA Polarimeters for HERA 2000, Report DESY PRC 98-07, DESY, 1998.[27℄ G.A. Shuler and H. Spiesberger, Pro. Workshop on Physis at HERA,W. Buhm�uller and G. Ingelman (eds.), Vol. 3, p. 1419. Hamburg, Germany, DESY(1991);H. Spiesberger, herales and djangoh: Event Generation for ep Interations atHERA Inluding Radiative Proesses, 1998, available onhttp://www.desy.de/~hspiesb/djangoh.html.[28℄ T. Ishikawa et al., Preprint KEK-92-19, 1993;F. Yuasa et al., Prog. Theor. Phys. Suppl. 138 (2000) 18.[29℄ L. L�onnblad, Comp. Phys. Comm. 71 (1992) 15.[30℄ G. Ingelman, A. Edin and J. Rathsman, Comp. Phys. Comm. 101 (1997) 108.[31℄ T. Sj�ostrand, Comp. Phys. Comm. 39 (1986) 347;T. Sj�ostrand and M. Bengtsson, Comp. Phys. Comm. 43 (1987) 367;T. Sj�ostrand, Comp. Phys. Comm. 82 (1994) 74.[32℄ G. Marhesini et al., Comp. Phys. Comm. 67 (1992) 465.14



[33℄ H. Jung, Comp. Phys. Comm. 86 (1995) 147.[34℄ U. Baur, J.A.M. Vermaseren and D. Zeppenfeld, Nul. Phys. B 375 (1992) 3.[35℄ T. Abe, Comp. Phys. Comm. 136 (2001) 126.[36℄ F. Jaquet and A. Blondel, Proeedings of the Study for an ep Faility for Europe,U. Amaldi (ed.), p. 391. Hamburg, Germany (1979). Also in preprint DESY 79/48.[37℄ S. Bentvelsen, J. Engelen and P. Kooijman, Pro. Workshop on Physis at HERA,W. Buhm�uller and G. Ingelman (eds.), Vol. 1, p. 23. Hamburg, Germany, DESY(1992);K.C. H�oger, Pro. Workshop on Physis at HERA, W. Buhm�uller andG. Ingelman (eds.), Vol. 1, p. 43. Hamburg, Germany, DESY (1992).[38℄ W. H. Smith, K. Tokushuku and L. W. Wiggers, Pro. Computing in High-EnergyPhysis (CHEP), Anney, Frane, Sept. 1992, C. Verkerk and W. Wojik (eds.),p. 222. CERN, Geneva, Switzerland (1992). Also in preprint DESY 92-150B.[39℄ ZEUS Collaboration, M. Derrik et al., Phys. Lett. B 316 (1993) 412.[40℄ M. Kataoka, Ph.D. Thesis, Nara Women's University, Report KEK-2005-10, 2005.[41℄ A. Gabareen Mokhtar, Ph.D. Thesis, Tel Aviv Unversity, ReportDESY-THESIS-2006-005, 2006.[42℄ Partile Data Group, S. Eidelman et al., Phys. Lett. B 592 (2004) 1.[43℄ CTEQ Collaboration, H.L. Lai et al., Eur. Phys. J. C 12 (2000) 375.[44℄ ZEUS Collaboration, S. Chekanov et al., Eur. Phys. J. C 42 (2005) 1.[45℄ J. Pumplin et al., JHEP 07 (2002) 012.
15



50

100

150

10
3

10
4

10
5

1

10

10 2

10
-2

10
-1

1

50

100

150

0 0.2 0.4 0.6 0.8

1

10

10 2

0 25 50 75 100

50

100

150

0 0.2 0.4 0.6 0.8 1

25

50

75

100

-40 -20 0 20 40

ZEUS

(a)

Q2 
JB

(GeV2)

E
ve

nt
s

(b)

xJB

E
ve

nt
s

(c)

yJB

E
ve

nt
s

(d)

PT,miss(GeV)

E
ve

nt
s

Q2 > 200GeV2

ZEUS CC
04 e+p (23.8 pb-1)

SM MC
BG MC

(e)

PT,miss/ET

E
ve

nt
s

(f)

ZVTX(cm)

E
ve

nt
s

Figure 1: Comparison of the �nal e+p CC data sample (solid points) withthe sum of the signal and bakground MC simulations (light shaded histograms).The simulated bakground events are shown as the dark shaded histograms. Thedistributions of (a) Q2JB, (b) xJB, () yJB, (d) PT;miss, (e) PT;miss=ET and (f) ZVTX,are shown. 16
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