
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 10
MEASUREMENT OF SINGLE INCLUSIVE HIGH eTJET CROSS-SECTIONSIN PHOTOPRODUCTION AT HERA�J. Turnaufor H1 CollaborationH. Niewodni
za«ski Institute of Nu
lear Physi
sKawiory 26a, 30-055 Kraków, Poland(Re
eived June 24, 2002)In
lusive jet 
ross-se
tions for the rea
tion e+p ! jet + X for Q2 <1 GeV2 and photon-proton energies in the interval 95 � W � 285 GeVhave been measured. Jets with transverse energies EjetT > 21 GeV in thepseudorapidity range �1 � �jet � 2:5 are sear
hed for using the in
lusivekT 
luster algorithm in the laboratory frame. Cross-se
tions as a fun
tionof �jet and EjetT are 
ompared with NLO QCD 
al
ulations using di�erentsets of photon parton density fun
tions as input. The 
ross-se
tions arein good agreement with NLO QCD up to the highest measured values ofEjetT = 75 GeV.PACS numbers: 13.60.�r, 12.38.�t, 12.38.Aw1. Introdu
tionAt HERA, the 
ollisions of protons with quasi-real photons emitted fromthe in
oming ele
trons 
an result in the produ
tion of jets with high trans-verse momentum EjetT . Measurement of the in
lusive 
ross se
tion for su
ha pro
ess has two motivations. Firstly, at high EjetT , where non-perturbativee�e
ts are less in�uential, jet 
ross-se
tions dire
tly re�e
t the underlyingparton dynami
s of the photon-proton 
ollision. Therefore, EjetT spe
trameasurements o�er a means of testing the validity of QCD predi
tions. Se
-ondly, quasi-real photons may develop hadroni
 stru
ture, whi
h is probedby the partons in proton. As the proton parton density fun
tions (PDF) are� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3099)
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onstrained by F p2 DIS measurements, measurements of pseudorapidity1distribution d�=d�jet allow the probing of photon stru
ture at higher s
alesthan those rea
hed at e+e� 
olliders and provide 
omplementary informa-tion to that obtained from e.g. dijet analysis.In this paper, measurements of di�erential jet 
ross-se
tions as a fun
tionof the jet transverse energy, EjetT , and pseudorapidity, �jet, for in
lusive jetprodu
tion in photoprodu
tion are presented. The measurements are 
or-re
ted to the hadron level and 
ompared with next-to-leading order (NLO)
al
ulations in
luding resolved and dire
t pro
esses and using available NLOphoton PDFs. The data were 
olle
ted with the H1 dete
tor at the HERA
ollider in 1996 and 1997, in whi
h positrons of energy 27:5 GeV 
ollidedwith protons of energy 820 GeV. The total data sample 
orresponds to anintegrated luminosity of 24:1 � 0:4 pb�1.2. Data sele
tion and analysis methodWe measure untagged photoprodu
tion i.e. we anti-sele
t for s
atteredpositron in a lead/s
intillating-�ber 
alorimeter (SPACAL) and Liquid Ar-gon (LAr) 
alorimeter2. Both 
alorimeters have �ne-grained ele
tromagneti
and hadroni
 parts allowing for e�e
tive reje
tion of the neutral 
urrent (NC)deep inelasti
 s
attering (DIS). The anti-positron sele
tion limits virtualityof in
oming photon to the range Q2 < 1 GeV2As we do not see the s
attered positron, the inelasti
ity variable y has tobe re
onstru
ted from the energies and longitudinal momenta of all obje
tsin the �nal state. The event sample is restri
ted to the kinemati
 region0:1 � y � 0:9, 
orresponding to a photon-proton 
enter-of-mass energy W 3between 95 and 285 GeV.The 
ontamination from beam-gas ba
kground was redu
ed to a negligi-ble level by demanding a well-re
onstru
ted vertex in the intera
tion region.Cosmi
 shower and halo muon ba
kgrounds were then reje
ted by using a setof topologi
al muon �nders in addition to the requirement that the missingtransverse momentum is small 
ompared to the total transverse energy ofthe events: P=T=pET � (2:5 GeV)1=2.The in
lusive jet sample was de�ned by keeping all events for whi
h atleast one jet with a transverse energy greater than 21 GeV in the pseu-dorapidity region �1 � �jet � 2:5 was re
onstru
ted. The jet sear
h was1 Pseudorapidity is de�ned as � � � ln(tan �=2) where � is the polar angle with respe
tto the proton dire
tion. H1 uses a 
oordinate system whose origin is de�ned by thenominal intera
tion point. The forward +z dire
tion denotes the dire
tion of thein
ident proton beam.2 A detailed des
ription of the H1 dete
tor 
an be found elsewhere [1℄.3 W = pys, where s is the squared e+p 
enter-of-mass energy.
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lusive High eT. . . 3101performed in the laboratory frame by applying the in
lusive kT 
luster algo-rithm [2℄ to all �obje
ts� in the �nal state. Combined obje
ts were de�nedusing 
alorimeter 
lusters 
omplemented by tra
ks measured in the tra
kingsystem. At this stage of the sele
tion, the overall non ep ba
kground wasestimated to 
orrespond to less than 1 % of the data sample. The resultingevent sample 
onsists of 17 460 jets re
onstru
ted in 13 389 events.The Herwig 5.9 [4℄ and Pythia 5.7 [3℄ Monte Carlo samples have beenused to 
orre
t the data for the ine�
ien
ies of the sele
tion 
riteria and formigrations 
aused by dete
tor e�e
ts. A reasonable des
ription of the data,in parti
ular of the observed energy �ow around the jet axis was obtainedfor both generators. The mean values of the 
orre
tion fa
tors 
al
ulatedwith Pythia and Herwig were used to 
orre
t bin-by-bin the data to thehadron level.Various sour
es of systemati
 errors have been taken into a

ount. Thelargest is the 4% un
ertainty in the absolute hadroni
 energy s
ale of theLAr 
alorimeter, whi
h leads to an un
ertainty of 15 to 20 % on the mea-surements. Other 
ontributions are model dependen
y of the bin-by-bin
orre
tion (� 10 %),the trigger e�
ien
y (5 %) and the un
ertainty in theluminosity determination for this data sample (1:5 %).3. ResultsIn this se
tion, the measured di�erential 
ross-se
tions are presented and
ompared with NLO QCD 
al
ulations [6℄ based on the subtra
tion method.The CTEQ5M [7℄ parameterization of the proton PDF was used for the
al
ulations. GRV-HO [5℄ was 
hosen as the standard parameterization ofthe photon PDF for this analysis. AFG-HO [8℄ and GSG-HO [9℄ were alsoused for 
omparison. The renormalisation and fa
torisation s
ales were setto �R = �F = 1=2PEpartonT . These s
ales were varied by a fa
tor of 2 upand down in order to estimate the un
ertainty 
orresponding to the missinghigher-order terms.Sin
e the NLO QCD 
al
ulations refer to jets of partons, the predi
ted
ross-se
tions have been further 
orre
ted to the hadron level, by taking theaverage of the ratios of 
ross-se
tions at the hadron and parton levels asgiven by Pythia and Herwig.The measured di�erential e+p 
ross-se
tion d�=dEjetT for in
lusive jetprodu
tion integrated over �1 � �jet � 2:5 in the kinemati
 region de�nedby Q2 � 1 GeV2 and 95 �W � 285 GeV is shown in �gure 1.The NLO QCD predi
tion in
luding hadronisation e�e
t is shown inthe �gure together with its theoreti
al un
ertainty. Higher order 
orre
tionimproves agreement with the data everywhere, but the improvement is sig-
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Fig. 1. Left: the measured di�erential e+p 
ross-se
tion d�=dEjetT for in
lusive jetprodu
tion.The inner error bars represent the statisti
al errors of the data, andthe outer show the statisti
al and systemati
 un
ertainties added in quadrature.The hat
hed band displays the un
ertainty on the NLO QCD 
al
ulation. Right:the relative di�eren
e between the measured di�erential 
ross-se
tion and the NLO
al
ulation based on GRV-HO and CTEQ5M parameterizations of the photon andproton parton densities, in
luding hadronisation 
orre
tions. The absolute energys
ale un
ertainty is shown separately as a shaded band.ni�
ant only for EjetT < 30 GeV. The fra
tional di�eren
e between the dataand the QCD predi
tion is shown in the right part of �gure 1.The di�erential 
ross-se
tion d�=d�jet, shown in �gure 2, is most sensitiveto the photon PDF. The 
al
ulated 
ross-se
tion using the GRV-HO photonPDF gives a fair des
ription of the data. The 
al
ulations using AFG-HOand GSG-HO lie slightly below the data at low �jet, however theoreti
aland experimental un
ertainties do not allow to dis
riminate between photonPDF's. 4. SummaryA new measurement of in
lusive high ET jet produ
tion 
ross-se
tions inquasi-real photoprodu
tion (Q2 � 1 GeV2) intera
tions has been presented.Within the experimental and theoreti
al un
ertainties, the measured distri-butions are well des
ribed by NLO QCD 
al
ulations. At present the datapre
ision and theoreti
al un
ertainties (s
ale dependen
e) do not allow todis
riminate between various photon PDFs.
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Fig. 2. Left: the measured di�erential e+p 
ross-se
tion d�=d�jet for in
lusive jetprodu
tion using the in
lusive kT algorithm integrated over 21 � EjetT � 75 GeVin the kinemati
 region de�ned by Q2 � 1 GeV2 and 0:1 � y � 0:9. Data are
ompared with NLO QCD predi
tions obtained by using GRV-HO, AFG-HO andGSG-HO photon PDF's and CTEQ5M proton PDF. Right: the relative di�eren
ebetween the measured di�erential 
ross se
tion and the NLO 
al
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