
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaNEUTRAL AND CHARGED CURRENTS AT HIGH Q2IN COLLISIONS OF LONGITUDINALLY POLARIZED POSITRONSWITH PROTONS AT HERA IIMAYUKO KATAOKA(ON BEHALF OF THE ZEUS COLLABORATION)Nara Women's UniversityKita-Uoyanishima
hi, Nara, JapanandHigh Energy A

elerator Resear
h Organization (KEK)1-1 Oho, Tsukuba, JapanE-mail: mayu�post.kek.jpThe First measurement of the total 
ross se
tion for 
harged 
urrent deep inelas-ti
 s
attering in e+p 
ollisions with a longitudinally polarized positron beam ispresented and 
ompared with the Standard Model predi
tion.1 Introdu
tionMeasurement of deep inelasti
 s
attering (DIS) of leptons on nu
lei has been avaluable method in understanding the stru
ture of nu
leons. Two kinds of DIS 
anbe measured at HERA, neutral 
urrent DIS (NC: e+(�)p ! e+(�)X) and 
harged
urrent DIS (CC: e+(�)p ! �e(�e)X). A total integrated luminosity of about100 pb�1(15 pb�1) was 
olle
ted with unpolarized positron (ele
tron) beam from1994 until 2000 (HERA I). NC and CC DIS 
ross se
tions with unpolarized positron(ele
tron) beam have been measured [1{9℄.The HERA a

elerator was upgraded in 2001-2002 to provide high luminosity andlongitudinal polarized lepton for the 
ollider experiments. HERA II e+p 
ollisionswith a longitudinally polarized positron beam started in 2003. By measuring theCC DIS 
ross se
tions, a test of the Standard Model in the weak se
tor is possiblethrough its dependen
e on the lepton polarization.In CC DIS, a W boson is ex
hanged between the positron and proton. Only right-handed positrons (or left-handed ele
trons) 
ontribute to the rea
tion sin
e only theleft-handed 
harged 
urrent exists in the Standard Model. The total 
ross se
tionfor e+p CC DIS as a fun
tion of the positron beam polarization (P ) is written as:�CC(P ) = (1 + P ) �CCunpol: ; (1)where �CCunpol: is the CC DIS 
ross se
tion for an unpolarized positron beam. Thelongitudinal polarization of the positron beam is de�ned as P = NR�NLNR+NL , where NRand NL are the numbers of right and left-handed positrons in the positron beam.Measurements of the dependen
e of the CC DIS 
ross-se
tion on the longitudinalpolarization of the lepton beam therefore lead to a test of the Standard Model anda sear
h for new physi
s beyond the Standard Model, su
h as right-handed 
harged
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urrents. In this paper, the �rst measurement of the total CC DIS 
ross se
tion ine+p 
ollisions with a longitudinally polarized positron beam is presented.2 Kinemati
 re
onstru
tion and event sele
tionData 
orresponding to an integrated luminosity of 6:6 pb�1, whi
h was taken from2003 fall with polarized positrons, were analyzed. The luminosity-weighted averagepolarization of the positron beam was +(33 � 2) %. CC DIS kinemati
 variables
an be re
onstru
ted by using only the information of the hadroni
 system (theJa
quet-Blondel method). The quality of the re
onstru
tion was 
he
ked usinga NC DIS sample. The NC DIS kinemati
 variables were re
onstru
ted by thedouble-angle method, in whi
h the polar angles of both the s
attered positron andthe hadroni
 system were used.NC events were sele
ted by �nding a positron with requiring energy Ee > 10 GeVand the presen
e of a tra
k that mat
hed to the positron position in the 
alorimeter.About 15000 NC events were observed for Q2 > 200 GeV2. Fig.1 shows distribu-tions of the kinemati
 variables in the NC events. Re
onstru
tion of the hadroni
system is seen to be good in the distribution of the transverse momentum, PT;h,and the polar angle of the hadroni
 system, 
h. Also the luminosity normalizationwas satisfa
tory for the study of CC DIS events.In the CC analysis, events were �rst 
lassi�ed into high-
 (
 > 23Æ) and low-
(
 < 23Æ) events. Missing transverse momentum, PT= due to the es
aping neu-trino is a key in the CC DIS sele
tion. For high-
 events, PT= > 12 GeV wasrequired. For low-
 events, a tighter requirement of PT= > 14 GeV was made tosuppress beam-gas ba
kground, sin
e the information from the 
entral tra
kingdete
tor 
an't be used. The z 
oordinate of the event vertex was required to bejZV TX j < 50 
m for high-
 events and was set to ZV TX = 0 for low-
 events. Toreje
t photoprodu
tion (
p), PT= =ET > 0:4 (0:55) was required for high-
 eventswith 20 < PT= < 30 GeV (PT= < 30 GeV). Non-ep ba
kgrounds su
h as 
osmi
 andhalo-muon events were reje
ted by pattern re
ognition using 
alorimeter informa-tion. CC DIS events were measured in the region Q2 > 400 GeV2. Fig.2 shows a
omparison between data and expe
tation from CC DIS Monte Carlo (MC) simu-lation reweighted with P = +33%. The MC des
ribes the data well.3 ResultsThe Born-level CC DIS 
ross se
tion at polarization, P was determined as follows:�CCBorn(P ) = NCCdataNunpol:MC �unpol:CCBorn(SM) ; (2)where NCCdata denotes the number of CC DIS events measured, Nunpol:MC and�unpol:CCBorn(SM) are the numbers of CC DIS events expe
ted from MC and the Standard
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ross se
tion predi
tion at P = 0. The level of ba
kground was esti-mated to be negligible. The largest sour
e of systemati
 un
ertainty 
ame from thevariation of the sele
tion thresholds. The un
ertainty was estimated by shifting all
ut thresholds by 10 %, whi
h is a reasonable mat
h with the resolution. The largestun
ertainty was due to shifting the threshold of the photoprodu
tion ba
kgroundreje
tion. The total CC DIS 
ross se
tion in the kinemati
 region Q2 > 400 GeV2for positrons with a longitudinal polarization of +33 %, was measured to be:�Q2>400GeV2CCtot = 38:1� 2:9(stat:)� 0:8(syst:)� 2:0(lumi:)� 0:8(pol:) pb ; (3)Fig.3 shows the total 
ross se
tion for CC DIS as a fun
tion of the longitudinalpolarization of the positron beam. The un
ertainty of polarization measurementwas in
luded in the horizontal error bar. The measured total 
ross se
tion is 2.8standard deviations above the HERA I result [8℄ with an unpolarized positron beamand 
onsistent with the Standard Model predi
tion of a linear rise with polarization,
learly showing the left-handed nature of the 
harged 
urrent intera
tion.4 Con
lusionThe total 
ross se
tion for 
harged 
urrent deep inelasti
 s
attering in e+p withlongitudinally polarized positrons from data of integrated luminosity 6:6 pb�1 waspresented. The ZEUS result was in good agreement and was des
ribed by thepredi
tion of the Standard Model with the pure left-handed nature of 
harged
urrent intera
tion. Collisions with e+p using left-handed polarized positron beamsstarted from April of 2004. The CC DIS 
ross se
tion for oppositely polarized beamswill be measured and a more pre
ise test of the Standard Model will be performed.Referen
es1. ZEUS Coll., M. Derri
k et al., Phys. Rev. Lett. 75, 1006 (1995).2. ZEUS Coll., M. Derri
k et al., Z. Phys. C 72, 47 (1996).3. ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 11, 427 (1999).4. ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 12, 411 (2000). Erratum inEur. Phys. J. C 27, 305 (2003)5. ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 21, 443 (2001).6. ZEUS Coll., S. Chekanov et al., Phys. Lett. B 539, 197 (2002). Erratum inPhys. Lett. B552, 308 (2003).7. ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 28, 175 (2003).8. ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 32, 1 (2003).9. ZEUS Coll., S. Chekanov et al., Preprint hep-ex/0401003, 2004. A

epted byPhys. Rev. D.



4 M. Kataoka
ZEUS

1

10

10 2

10 3

10
3

10
4

Q2 
DA

 (GeV2)

E
ve

nt
s

10

10 2

10
-3

10
-2

10
-1

1
xDA

E
ve

nt
s

1

10

10 2

10 3

0 1 2 3

θe (rad)

E
ve

nt
s

0

200

400

600

800

0 1 2 3

ZEUS NC (prel.)
03-04 (6.7 pb-1)

Q2 > 200 GeV2

NC MC
(DJANGOH)

γh (rad)

E
ve

nt
s

1

10

10 2

10 3

0 20 40 60 80 100

PT, h (GeV)

E
ve

nt
s

0

500

1000

-40 -20 0 20 40

ZVTX (cm)

E
ve

nt
s

Figure 1. Various distributions for NC events; the re
onstru
ted variables Q2 and x from thedouble-angle method (Q2DA (top left) and xDA (top right)), the polar angles of the s
atteredpositron �e (middle left) and the hadroni
 system 
h (middle right), the transverse momentumof the hadroni
 system PT;h (bottom left) and Z 
oordinate of the event vertex ZV TX(bottomright). The 
losed 
ir
les and the solid histograms denote the data and the NC MC, respe
tively.
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-40 -20 0 20 40Figure 2. Various distributions for CC events; the missing transverse momentum PT= (top left), there
onstru
ted variables from the Ja
quet-Blondel method (Q2JB (top right), xJB (middle left) andyJB (middle right)), the ratio PT= =ET and the Z 
oordinate of the event vertex (ZV TX). Closed
ir
les are the data and histograms are MC expe
tation at P = +33 %.
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Figure 3. The total 
ross se
tion for e+p CC DIS at Q2 > 400 GeV2 as a fun
tion of the longi-tudinal polarization of the positron beam. The line shows the Standard Model predi
tion withthe CTEQ6D PDFs. The 
losed triangle and 
losed 
ir
le denote the ZEUS results with unpolar-ized positron beam [8℄ and the ZEUS results with longitudinal positron beam with P = +33 %,respe
tively.


