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HIGH Q2 NEUTRAL CURRENT SCATTERINGAT ZEUS�M. Moritzfor the ZEUS CollaborationDESY, Notkestr. 85, 22607 Hamburg, Germanye-mail: moritz�mail.desy.de(Re
eived July 5, 2002)The 
ross se
tions for neutral 
urrent deep inelasti
 s
attering have beenmeasured in e�p and e+p 
ollisions at a 
entre-of-mass energy of 318GeVwith the ZEUS dete
tor at HERA using an integrated luminosity of 16 pb�1and 63 pb�1, respe
tively. Single and double di�erential 
ross se
tions athigh Q2 are presented and 
ompared to the predi
tions of the StandardModel. The stru
ture fun
tion xF3 has been extra
ted by 
ombining thee�p data with the re
ent ZEUS measurement of e+p neutral 
urrent DeepInelasti
 S
attering (DIS) at a 
entre-of-mass energy of 300GeV. The mea-sured xF3 is well des
ribed by the Standard Model using re
ent protonparton density fun
tions.PACS numbers: 12.15.�y, 14.20.�
1. Introdu
tionDeep inelasti
 lepton proton s
attering has played a key role in the in-vestigation of the stru
ture of the proton. The HERA 
ollider o�ers thepossibility to probe the proton stru
ture at small resolution s
ales, a previ-ously unexplored kinemati
 domain.This paper presents a measurement of high Q2 neutral 
urrent sin-gle and double di�erential 
ross se
tions using e�p (e+p) data re
ordedin the years 1998/1999 (1999/2000) with the ZEUS dete
tor. In 
ompar-ison to previous analyses the available 
entre-of-mass energy is in
reased tops � 318GeV and the statisti
al pre
ision of the e+p measurement isimproved. The data 
orrespond to an integrated luminosity of 63 pb�1(16 pb�1) for e+p (e�p). The weak intera
tion 
an be studied from theopposite 
ontribution of the 
�Z0-interferen
e in e�p and e+p s
attering.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2885)



2886 M. MoritzThe stru
ture fun
tion xF3, whi
h is a measure of the valen
e quark dis-tribution, was extra
ted by 
ombining the e�p data with the re
ent ZEUSmeasurement of e+p neutral 
urrent deep inelasti
 s
attering at a 
entre-of-mass energy of 300GeV [1℄.2. Neutral 
urrent analysis2.1. Neutral 
urrent 
ross se
tionThe double di�erential neutral 
urrent 
ross se
tion for e�p! e�X 
anbe written asd2�e�pNCdxdQ2 = 2��2Q4x hY+F2 �x;Q2��Y�xF3 �x;Q2�� y2FL �x;Q2� i ; (1)with Y� = 1�(1�y)2 and the ele
tro-magneti
 
onstant �. For 
onvenien
ethe redu
ed 
ross se
tion is used whi
h is de�ned as follows~�e�pNC = Q4x2��2 1Y+ d2�e�pNCdxdQ2 =F2 �x;Q2�� Y�Y+xF3 �x;Q2�� y2Y+FL �x;Q2� : (2)The stru
ture fun
tions 
an be expressed as a 
ombination of the partondensities inside the proton. In leading order they areF2 �x;Q2� = Xf x(qf + �qf )Af ;xF3 �x;Q2� = Xf x(qf � �qf )Bf ;FL �x;Q2� = 0 ; (3)where the summation runs over all quark �avours f and Af and Bf denotethe ele
troweak 
ouplings. As 
an be seen from equations 1 and 3 neutral
urrent DIS at high Q2 tests both the ele
troweak and QCD se
tor of theStandard Model (SM).2.2. Event sele
tion and re
onstru
tionNeutral 
urrent events are sele
ted by the identi�
ation of the s
atteredlepton. An isolated high energeti
 (>10GeV) ele
tro-magneti
 energy 
lus-ter in the 
alorimeter is required whi
h has to be mat
hed with a 
orrespond-ing tra
k if within the tra
king 
hamber a

eptan
e. The main ba
kgroundso

ur from photoprodu
tion and 
osmi
 rays. They are e�e
tively reje
tedby demanding a E � pZ value 
lose to 2Ee = 55GeV and a balan
e intransverse momentum, respe
tively. The event kinemati
s are re
onstru
tedusing the lepton s
attering polar angle � and the hadroni
 polar angle 
h.This method is, in �rst order, independent of the 
alorimeter energy s
ale.



High Q2 Neutral Current S
attering at ZEUS 28872.3. Cross se
tion resultsThe single di�erential 
ross se
tions d�=dQ2 for e�p data versus Q2is shown in Fig. 1 (left). In addition, the SM predi
tions evaluated usingCTEQ5D PDFs [2℄ are presented. In the measured kinemati
 range the 
rossse
tion de
reases by six orders of magnitude for both e�p and e+p s
attering.Whereas the 
ross se
tions are of similar size at lower values of Q2 due tothe dominating photon-ex
hange pro
ess, they di�er at higher Q2 where theex
hange of the Z0 boson be
omes important. The di�erent behaviour ofthe 
�Z0-interferen
e to e�p and e+p 
ross se
tions 
an also be seen in themeasurement of d�=dx (Q2 > 10000GeV2) shown in Fig. 1 (right). Theinterferen
e is 
onstru
tive for e�p intera
tions whereas the 
ross se
tion isde
reased for the e+p measurement. The high statisti
al pre
ision of thee+p data set in 
omparison to the e�p data is evident.
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stat stat ⊕  systFig. 1. The NC single di�erential 
ross se
tions d�=dQ2 (left) and d�=dx(Q2 > 10000GeV2) (top right) for e�p data and SM expe
tation evaluated usingCTEQ5D PDFs. The ratio between e+p d�=dx values and the SM predi
tion is alsoshown (bottom right), where the shaded band denotes the un
ertainty of Botje's�t [3℄.The redu
ed 
ross se
tion for e�p data at �xed x versus Q2 and the
orresponding SM expe
tation evaluated using PDF's from the ZEUS NLOQCD �t [4℄ are shown in Fig. 2 (left). Up to highest values of Q2 the dataare well des
ribed by the SM predi
tion. The dominating photon-ex
hangepro
ess resulting in similar e�p and e+p 
ross se
tion at Q2 < 3000GeV2is 
learly visible as well as the di�erent behaviour at higher values of Q2due to di�erent 
ontribution of the 
�Z0-interferen
e. This di�eren
e 
an
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ed 
ross se
tion for e�p data at �xed x versus Q2 and SMexpe
tation evaluated using the ZEUS NLO QCD �t PDFs (top). The stru
turefun
tion xF3 at �xed Q2 versus x extra
ted with ZEUS 1996-99 data (bottom).



High Q2 Neutral Current S
attering at ZEUS 2889be quanti�ed in terms of the proton stru
ture fun
tion xF3 �x;Q2�. Anextra
tion was performed using the e�p data set and the previous ZEUSe+p measurement [1℄ using data from 96/97 whi
h were taken at a lower
entre-of-mass energy (ps = 300GeV). The result of this extra
tion is shownin Fig. 2 (right). This measurement re�e
ts the distribution of the valen
equarks. 3. SummaryMeasurements of the single and double di�erential e�p and e+p NC 
rossse
tions were presented. In the whole measured kinemati
 range the dataare well des
ribed by the SM predi
tions. The di�erent 
ontribution of theZ0 boson ex
hange to both 
ross se
tions was 
on�rmed and the protonstru
ture fun
tion xF3 extra
ted.REFERENCES[1℄ ZEUS Collaboration, S. Chekanov et al., Eur. Phys. J. C21, 443 (2001).[2℄ CTEQ Collaboration, H.L. Lai et al., Eur. Phys. J. C12, 375 (2000).[3℄ ZEUS Collaboration, M. Derri
k et al., Z. Phys. C72, 399 (1996).[4℄ ZEUS Collaboration, S. Chekanov et al., The ZEUS NLOQCD Fit to Deter-mine Parton Distribution Fun
tions and �s., International European Confer-en
e on High Energy Physi
s, Budapest, Hungary, 2001, p. 628.


