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DESY-06-015Measurement of high-Q2 deep inelasti
s
attering 
ross se
tions with alongitudinally polarised positron beam atHERAZEUS CollaborationAbstra
tThe 
ross se
tions for 
harged and neutral 
urrent deep inelasti
 s
attering ine+p 
ollisions with a longitudinally polarised positron beam have been measuredusing the ZEUS dete
tor 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+p
harged 
urrent and neutral 
urrent deep inelasti
 s
attering for both positiveand negative values of the longitudinal polarisation of the positron beam. Singledi�erential 
ross se
tions are presented for the kinemati
 region Q2 > 200 GeV2.The measured 
ross se
tions are 
ompared to the predi
tions of the StandardModel. A �t to the data yields �CC(Pe = �1) = 7:4� 3:9(stat:)� 1:2(syst:) pb,whi
h is 
onsistent within two standard deviations with the absen
e of right-handed 
harged 
urrents in the Standard Model.Dedi
ated to our friend and 
olleague Nikolaj Pavel.
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1 Introdu
tionDeep inelasti
 s
attering (DIS) of leptons o� nu
leons is an important pro
ess in theunderstanding of the stru
ture 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 se
tionsfor 
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 ele
troweak se
tor of the Standard Model.Polarised ele
tron-nu
leon deep inelasti
 s
attering was �rst performed in the 1970s atlow values of Q2. The results established parity violation attributable to the weak neutral
urrent [12℄. Sin
e 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 predi
ts that the 
ross se
tionsfor 
harged and neutral 
urrent ep DIS should exhibit spe
i�
 dependen
ies on the longi-tudinal polarisation of the in
oming lepton beam. The absen
e of right-handed 
harged
urrents leads to the predi
tion that the 
harged 
urrent 
ross se
tion will be a linear fun
-tion of polarisation, vanishing for right-handed (left-handed) ele
tron (positron) beams.This paper presents measurements of the 
ross se
tions for e+p CC and NC DIS at highQ2 with longitudinally polarised positron beams using the ZEUS dete
tor. The measure-ments are based on 11:5 pb�1 of data 
olle
ted between April and June 2004 at a meanluminosity-weighted polarisation of �0:41, and 12:3 pb�1 
olle
ted 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 se
tions are 
ompared to the predi
tions of the SM.Similar results have re
ently been published by the H1 Collaboration [13℄.2 Standard Model predi
tionsIn
lusive deep inelasti
 lepton-proton s
attering 
an be des
ribed in terms of the kinemati
variables x and Q2. The variable Q2 is de�ned by Q2 = �q2 = �(k � k0)2 where k andk0 are the four-momenta of the in
oming and s
attered lepton, respe
tively. Bjorken xis de�ned by x = Q2=(2P � q), where P is the four-momentum of the in
oming proton.The inelasti
ity variable y is determined from Q2 = sxy, where s is the square of thelepton-proton 
entre-of-mass energy (negle
ting the masses of the in
oming parti
les).1



The ele
troweak Born level 
ross se
tion for the CC rea
tione+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 stru
ture-fun
tions FCC2 and xFCC3 may be written in terms of sums and di�eren
esof quark and antiquark parton density fun
tions (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-fra
tion 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,respe
tively. Similarly the 
ross se
tion for the NC rea
tione+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 in
oming leptons may be negle
ted, and therefore the di�er-en
e between handedness and heli
ity may also be negle
ted.2



where � is the QED 
oupling 
onstant and H+0 and H+Pe 
ontain the unpolarised andpolarised stru
ture fun
tions, respe
tively, su
h 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, respe
tively, and the sumsrun over the �ve a
tive quark 
avours. The A and B 
oeÆ
ients 
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 ele
tri
 
harge in units of the positron 
harge and af and vf are theaxial and ve
tor 
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 des
ription of the ZEUS dete
tor 
an be found elsewhere [15℄. A brief outlineof the 
omponents most relevant for this analysis is given below.Charged parti
les are tra
ked in the 
entral tra
king dete
tor (CTD) [16℄, whi
h operatesin a magneti
 �eld of 1:43 T provided by a thin super
ondu
ting solenoid. The CTD
onsists of 72 
ylindri
al drift 
hamber layers, organised in nine superlayers 
overing thepolar-angle2 region 15Æ < � < 164Æ. In 2001 a sili
on mi
rovertex dete
tor (MVD) [17℄was installed between the beampipe and the inner radius of the CTD. The MVD isorganised into a barrel with 3 
ylindri
al layers and a forward se
tion with four planarlayers perpendi
ular to the HERA beam dire
tion. The barrel 
ontains 600 single-sidedsili
on strip sensors ea
h having 512 strips of width 120 �m; the forward se
tion 
ontains112 sensors ea
h of whi
h has 480 strips of width 120 �m. Charged-parti
le tra
ks werere
onstru
ted using information from the CTD and MVD.The high-resolution uranium{s
intillator 
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 intera
tion point. Ea
h part is subdivided trans-versely into towers and longitudinally into one ele
tromagneti
 se
tion (EMC) and eitherone (in RCAL) or two (in BCAL and FCAL) hadroni
 se
tions (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 ele
trons 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 ex
eeding 4.5 GeV. The position of the intera
tionvertex along the beam dire
tion 
an be re
onstru
ted 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 stru
ture that surrounds the CAL is instrumented as a ba
king 
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 ba
kground events indu
edby 
osmi
-ray or beam-halo muons.The luminosity was measured using the Bethe-Heitler rea
tion ep! e
p by the luminositydete
tor whi
h 
onsists of two independent systems. In the �rst system the photons aredete
ted by a lead{s
intillator 
alorimeter pla
ed 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 dire
tion, referred to as the \forward dire
tion", and the X axis pointing left towardsthe 
entre of HERA. The polar angle, �, is measured with respe
t to the proton beam dire
tion. The
oordinate origin is at the nominal intera
tion point.4



intera
tion point in the positron-beam dire
tion. The system used in previous ZEUSpubli
ations [21℄ was modi�ed by the addition of a
tive �lters in order to suppress thein
reased syn
hrotron radiation ba
kground of the upgraded HERA 
ollider. The se
ondsystem is a magneti
 spe
trometer arrangement [22℄. A small fra
tion (� 9%) of thesmall-angle energeti
 photons from the Bethe-Heitler pro
ess 
onvert in the exit windowof the va
uum 
hamber. Ele
tron-positron pairs from the 
onverted photons were bentverti
ally by a dipole magnet and dete
ted in tungsten-s
intillator 
alorimeters lo
atedabove and below the photon beam at Z = �104 m. The advantage of the spe
trometersystem is that it does not su�er from pile-up (multiple intera
tions at high luminosity)and is not sensitive to dire
t syn
hrotron radiation, whereas the 
alorimeter system hashigher a

eptan
e. The fra
tional un
ertainty on the measured luminosity was 3.5%.The lepton beam in HERA be
omes naturally transversely polarised through the Sokolov-Ternov e�e
t [23℄. The 
hara
teristi
 build-up time expe
ted for the HERA a

eleratoris approximately 40 minutes. Spin rotators on either side of the ZEUS dete
tor 
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 devi
es exploit thespin-dependent 
ross se
tion for Compton s
attering of 
ir
ularly polarised photons o�positrons to measure the beam polarisation. The transverse polarimeter was upgraded in2001 to provide a fast measurement for every positron bun
h, and position-sensitive sili
onstrip and s
intillating-�bre dete
tors were added to investigate systemati
 e�e
ts [26℄. Theluminosity and polarisation measurements were made over times that were mu
h shorterthan the polarisation build-up time.4 Monte Carlo simulationMonte Carlo (MC) simulations were used to determine the eÆ
ien
y for sele
ting eventsand the a

ura
y of kinemati
 re
onstru
tion, to estimate the ep ba
kground rate andto extrapolate the measured 
ross se
tions to the full kinemati
 region. A suÆ
ientnumber of events were generated to ensure that un
ertainties from MC statisti
s weresmall 
ompared to other un
ertainties.Neutral and 
harged 
urrent DIS events in
luding radiative e�e
ts were simulated usingthe Djangoh [27℄ generator. The polarisation dependen
e of radiative e�e
ts in CCDIS, negle
ted in Djangoh, was 
he
ked using the Gra
e [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
 
he
k, the Meps model of Lepto 6.5 [30℄.Both programs use the Lund string model of Jetset 7.4 [31℄ for the hadronisation. The5



photoprodu
tion ba
kground was estimated using events simulated with Herwig 5.9 [32℄.Di�ra
tive NC events were generated using the Rapgap 2.08/06 [33℄ program and mixedwith the non-di�ra
tive MC events in order to simulate the hadroni
 �nal state a

urately.Ba
kground to the CC signal from W produ
tion was estimated using the Epve
 1.0 [34℄generator and ba
kground from the produ
tion of 
harged-lepton pairs was generatedusing the Grape 1.1 [35℄ program.The vertex distribution in data is a 
ru
ial input to the MC simulation for the 
orre
tevaluation of the event-sele
tion eÆ
ien
y. Therefore, the Z-vertex distribution used inthe MC simulation was determined from a sample of NC DIS events in whi
h the event-sele
tion eÆ
ien
y was independent of Z.5 Kinemati
 Re
onstru
tionCharged 
urrent events are 
hara
terised by a large missing transverse momentum, PT;miss,the magnitude of whi
h is 
al
ulated 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, (
orre
ted [4℄ for energy lossin ina
tive material and other e�e
ts in the o�ine analysis) and �i and �i are the polarand azimuthal angles of the 
alorimeter energy deposit as viewed from the intera
tionvertex. 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 thes
attering angle of the stru
k 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 re
onstru
ted from the measured PT;miss and Æ using the Ja
quet-Blondelmethod [36℄.Neutral 
urrent events are 
hara
terised by the presen
e of a high-energy isolated s
atteredpositron in the dete
tor. It follows from longitudinal momentum 
onservation that forwell measured NC events, Æ peaks at twi
e the positron beam energy or 55 GeV. Thehadroni
 transverse momentum, PT;h, and Æh were 
al
ulated in the same way as the
orresponding quantities in CC events, but ex
luding energy deposits asso
iated with thes
attered positron. The hadroni
 polar angle, 
h, was 
al
ulated from PT;h, and Æh inthe same way as the CC 
ase. The s
attered positron energy, E 0e, and polar angle, �e,were determined from the energy deposit and mat
hed tra
k of the s
attered positron
andidate, respe
tively. 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 sele
tionZEUS operates a three-level trigger system [15,38℄. Charged 
urrent events were sele
tedusing 
riteria based on missing transverse momentum measured by the CAL [9℄. Neutral
urrent DIS events were sele
ted using 
riteria based on an energy deposit in the CAL
onsistent with an isolated positron [10℄.6.1 Charged 
urrentThe following 
riteria were imposed to sele
t CC events and to reje
t ba
kground:� missing transverse momentum: PT;miss > 12 GeV was required and, in addition, themissing transverse momentum, ex
luding the 
alorimeter 
ells adja
ent 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 eÆ
ien
y for CC events;� primary vertex: events were required to satisfy jZVTXj < 50 
m. The Z 
oordinate ofthe vertex, re
onstru
ted using the tra
king dete
tors, was required to be 
onsistentwith that of an ep intera
tion. For events with an hadroni
 angle, 
h, of less than23Æ, the vertex Z position was re
onstru
ted from the measured arrival time of energydeposits in FCAL [39℄, and the PT;miss and P 0T;miss thresholds were in
reased to 14 and12 GeV, respe
tively;� reje
tion of photoprodu
tion: 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 sele
t events with an azimuthally 
ollimated energy 
ow. In ad-dition, it was required that the angle between the transverse momentum measuredusing the tra
ks and that measured by the 
alorimeter was less than one radian forevents with PT;miss < 30 GeV;� reje
tion of NC DIS: NC DIS events in whi
h the s
attered positron or the hadroni
system is poorly measured 
an have signi�
ant missing transverse momentum. Eventswith Æ > 30 GeV and an isolated ele
tromagneti
 
luster with energy of at least 4 GeVmeasured in the 
alorimeter were reje
ted;� reje
tion of non-ep ba
kground: intera
tions between one of the beams and the residualgas in the beam pipe or upstream a

elerator 
omponents 
an lead to events withsigni�
ant missing transverse momentum. However, for su
h intera
tions, the arrival7



times of energy deposits in the 
alorimeter are in
onsistent with the bun
h-
rossingtime and were used to reje
t su
h events. Muon-�nding algorithms based on tra
king,
alorimeter and muon-
hamber information were used to reje
t events 
aused by 
osmi
rays or muons in the beam halo. In addition, the shape of hadroni
 showers in the
alorimeter was used to reje
t halo-muon events depositing energy in the forward
alorimeter. Further details 
an be found elsewhere [40,41℄;� kinemati
 region: events were required to satisfy Q2JB > 200 GeV2 and yJB < 0:9.These requirements restri
ted the event sample to a region where the resolution of thekinemati
 quantities was good and the ba
kground was small [9℄.All events were visually inspe
ted; 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 ba
kground remaining after the sele
tion was photoprodu
tion events, the 
rossse
tion for whi
h is independent of the longitudinal polarisation of the positron beam. The
ontamination was estimated from MC to be typi
ally 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, whi
h was weighted to the measured polarisations and luminosities of the datasamples, gives a satisfa
tory des
ription of the data.6.2 Neutral 
urrentThe following 
riteria were imposed to sele
t NC events:� positron identi�
ation: an algorithm whi
h 
ombined information from the energydeposits in the 
alorimeter with tra
ks was used to identify s
attered positrons. A�du
ial-volume 
ut was applied to guarantee that the experimental a

eptan
e waswell understood [10℄. To ensure high purity and reje
t ba
kground, the identi�edpositron was required to have an energy of at least 10 GeV and be isolated su
h thatthe energy in an � � � 
one of radius 0.8 
entred on the positron, but not asso
iatedwith it, was less than 5 GeV. For events in whi
h a positron was found within thea

eptan
e of the tra
king dete
tors, a tra
k mat
hed to the energy deposit in the
alorimeter was required. For events with a positron at a smaller polar angle thanthe a

eptan
e of the tra
king dete
tors, the tra
k requirement was repla
ed with therequirement that the transverse momentum of the positron ex
eed 30 GeV;� primary vertex: events were required to satisfy jZVTXj < 50 
m. The Z 
oordinate ofthe ep intera
tion vertex was re
onstru
ted using tra
ks;8



� ba
kground reje
tion: the requirement 38 < Æ < 65 GeV was imposed to remove pho-toprodu
tion and beam-gas events, and to redu
e the number of events with signi�
antQED initial-state radiation. The lower threshold was in
reased to 44 GeV for eventswhi
h did not have a tra
k mat
hed to the positron 
andidate. To further redu
e ba
k-ground from photoprodu
tion, y 
al
ulated using the ele
tron method was requiredto satisfy ye < 0:95. The net transverse momentum is expe
ted to be small, so, inorder to remove 
osmi
-ray events and beam related ba
kground 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 reje
tion: to redu
e the size of the QED radiative 
orre
tions, elas-ti
 Compton-s
attering events were reje
ted. The 
ontribution from deeply-virtualCompton s
attering was negligible;� kinemati
 region: to avoid regions of phase spa
e in whi
h 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 sele
tion 
riteria in the negative polarisation sample and22395 in the positive polarisation sample. The ba
kground 
ontamination, dominated bymisidenti�ed photoprodu
tion, was typi
ally less than 1%. Figure 2 shows a 
omparisonof data and MC distributions for the NC sample. The MC sample gives a generally gooddes
ription of the data. The e�e
t of the positron �du
ial-volume 
uts 
an be seen in thepositron angle (� 2:4 rad) and Q2 (� 600 GeV2) distributions.7 Cross se
tion determinationThe measured 
ross se
tion in a parti
ular 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 ba
kground events esti-mated from the MC simulation and NMC is the number of signal MC events. The SMpredi
tion d�SMBorn=dQ2 was evaluated in the on-shell s
heme using the PDG [42℄ values forthe ele
troweak parameters and the CTEQ5D PDFs [43℄. Consequently, the a

eptan
e,as well as the bin-
entring and radiative 
orre
tions were all taken from the MC simula-tion. The radiative 
orre
tions de�ne the measured 
ross se
tion to have only tree-levelQED and ele
troweak 
ontributions. A similar pro
edure was used for d�=dx and d�=dy.9



The major sour
es of systemati
 un
ertainty in the CC 
ross se
tions 
ome from theun
ertainties in 
alorimeter energy s
ale and the parton-shower s
heme. The former wasestimated using a method detailed in previous publi
ations [7,9℄ for the NC data sample.The resulting shifts in the 
ross se
tions were typi
ally less than 10%, but in
reased 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 
al
ulat-ing the a

eptan
e 
orre
tions. The largest e�e
ts of � 5% were observed in the highestQ2 and x bins.The un
ertainty in the small 
ontribution from photoprodu
tion was estimated by �ttinga linear 
ombination of the PT;miss=ET distributions of the signal and the ba
kground MCsamples to the 
orresponding distribution in the data, allowing the normalisation of thephotoprodu
tion MC events to vary. No 
ut on PT;miss=ET was applied for this 
he
k.Varying the normalisation of the photoprodu
tion events by the un
ertainty in the �t of�30% resulted in 
hanges of the measured 
ross se
tions within �3%.The systemati
 un
ertainties of the sele
tion 
uts were estimated by varying the thresholdvalue of ea
h sele
tion 
ut independently by around 10%, whi
h is a reasonable mat
h tothe resolution. The resulting shifts in the 
ross se
tions were typi
ally within �5%.A major sour
e of systemati
 un
ertainty in the NC 
ross se
tion 
ame from the un
er-tainty in the parton-shower s
heme, whi
h gave 
hanges in the 
ross se
tion of typi
allywithin �2% but up to 4% at high Q2. Un
ertainty in the ele
tromagneti
 energy s
ale wasestimated by varying the energy s
ale by �1%. However, due to the use of the double-angle re
onstru
tion, the resulting shifts in the 
ross se
tion were typi
ally < 0:5%. Thesystemati
 e�e
ts of the sele
tion 
uts were estimated by varying the threshold valueof ea
h sele
tion 
ut independently by values 
ommensurate with the resolutions. Theresulting shifts in the 
ross se
tions were typi
ally within �1%.The individual un
ertainties were added in quadrature separately for the positive andnegative deviations from the nominal 
ross-se
tion values to obtain the total systemati
un
ertainty. The un
ertainty in the measured polarisation, ÆPe=Pe, was 1.6% using theLPOL and 3.5% using the TPOL. The 
hoi
e of polarimeter measurement was made tomaximise the available luminosity for the analysis, while minimising the un
ertainty inthe measured polarisation, on a run-by-run basis.The relative un
ertainty in the measured luminosity of 3.5% was not in
luded in the totalun
ertainty shown in the di�erential 
ross-se
tion �gures.10



8 ResultsIn the following, measurements of total 
ross se
tions and di�erential 
ross se
tions inx, y and Q2 for the 
harged 
urrent rea
tion are presented. In addition, 
ross se
tionsdi�erential in Q2 were measured for the neutral 
urrent rea
tion.The total 
ross se
tions 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:in
luding the un
ertainty from the measured luminosity. The total 
ross se
tion is shownas a fun
tion of the longitudinal polarisation of the positron beam in Fig. 3, in
luding theunpolarised ZEUS measurement from the 1999-2000 data [9℄. The data are 
ompared tothe Standard Model predi
tion evaluated using the ZEUS-JETS [44℄ and CTEQ6D [45℄PDFs. The SM predi
tion des
ribes 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 absen
e of right-handed
harged 
urrents in the SM. In the �t, the systemati
 un
ertainties of the two polariseddata points were 
onsidered fully 
orrelated and the un
ertainities in the measured po-larisation fully anti-
orrelated. The systemati
 un
ertainty in the unpolarised data pointwas 
onsidered to be un
orrelated with the polarised points.The single-di�erential 
ross-se
tions d�=dQ2, d�=dx and d�=dy for 
harged 
urrent DISare shown in Fig. 4. A 
lear di�eren
e is observed between the measurements for positiveand negative longitudinal polarisation, whi
h is independent of the kinemati
 variables.The e�e
ts are well des
ribed by the SM evaluated using the ZEUS-JETS PDFs.Figure 5 shows the di�erential 
ross-se
tion d�=dQ2 for NC DIS for positive and nega-tive longitudinal polarisations and the ratio of the two 
ross se
tions. Only statisti
alun
ertainties were 
onsidered when taking the ratio of the positively and negatively po-larised 
ross se
tions. The measurements are well des
ribed by the SM evaluated usingthe ZEUS-JETS PDFs and are 
onsistent with the expe
tations of the ele
troweak 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 dependen
e.11



9 SummaryThe 
ross se
tions for 
harged and neutral 
urrent deep inelasti
 s
attering in e+p 
ollisionswith a longitudinally polarised positron beam have been measured. The measurementsare the �rst from the ZEUS 
ollaboration in the se
ond phase of HERA operation and arebased on data 
orresponding to an integrated luminosity of 23:8 pb�1 
olle
ted in 2004 at a
entre-of-mass energy of 318 GeV. The 
ross se
tions for e+p 
harged 
urrent deep inelas-ti
 s
attering are di�erent for positive and negative values of the positron beam longitu-dinal polarisation. In addition, single di�erential 
ross se
tions are presented for 
hargedand neutral 
urrent deep inelasti
 s
attering in the kinemati
 region Q2 > 200 GeV2. Themeasured 
ross se
tions are well des
ribed by the predi
tions of the Standard Model. A �tto the 
ross-se
tion measurements yields �CC(Pe = �1) = 7:4� 3:9(stat:)� 1:2(syst:) pb,whi
h is within two standard deviations of the predi
tion of the Standard Model of zero.A
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Figure 1: Comparison of the �nal e+p CC data sample (solid points) withthe sum of the signal and ba
kground MC simulations (light shaded histograms).The simulated ba
kground events are shown as the dark shaded histograms. Thedistributions of (a) Q2JB, (b) xJB, (
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Figure 2: Comparison of the �nal e+p NC data sample (solid points) withthe sum of the signal and ba
kground MC simulations (light shaded histograms).The simulated ba
kground events are shown as the dark shaded histograms. Thedistributions of (a) Q2DA, (b) xDA, (
) �e, (d) 
h, (e) PT;h, and (f) ZVTX, areshown. 17
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Figure 3: The total 
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tion for e+p CC DIS with Q2 > 200GeV 2 as afun
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