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REAL PHOTON STRUCTUREvia DIJET PHOTOPRODUCTION�Anna LupiOn behalf of the ZEUS CollaborationDepartment of Physi
s, University of GlasgowUniversity Avenue, Glasgow G128QQ, S
otlande-mail: lupi�mail.desy.de(Re
eived June 21, 2002)The dijet 
ross se
tion in photoprodu
tion has been measured with theZEUS dete
tor at HERA using an integrated luminosity of 38.6 pb�1. Theevents were required to have a virtuality of the in
oming photon, Q2, ofless than 1 GeV2 and a photon-proton 
entre-of-mass energy in the range134 < W
p < 277 GeV. Ea
h event 
ontains at least two jets satisfyingtransverse-energy requirements of Ejet1T > 14 GeV and Ejet2T > 11 GeVand pseudorapidity requirements of �1 < �jet1;2 <2.4. The measurementsare 
ompared to next-to-leading-order QCD predi
tions. The data showparti
ular sensitivity to the density of partons in the photon, allowing thevalidity of the 
urrent parameterisations to be tested.PACS numbers: 13.60.Le 1. Introdu
tionIn dijet photoprodu
tion at HERA, a quasi-real photon intera
ts with aparton from the proton, produ
ing two or more jets. The dynami
s of thehard subpro
ess are re
onstru
ted from the jets found in the hadroni
 �nalstate using the kT-
lustering algorithm [1℄. The hard s
ale, �, ne
essaryfor perturbative QCD (pQCD) 
al
ulations, is provided by the transverseenergy, ET, of the jets. When E2T is mu
h larger than the negative four-momentum squared of the photon, Q2, the stru
ture of the photon is probedby the hard dijet system. In order to provide pre
ise measurements that 
anbe used to 
onstrain the parton densities of the photon, high-ET jets are� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3105)



3106 A. Lupirequired. In this kinemati
 region, where the e�e
ts of soft physi
s aresuppressed and the parton densities in the proton are well known, the data
an be spe
i�
ally used to test the validity of the 
urrent parametrisationsof the parton densities in the photon.Two types of subpro
ess 
ontribute to the 
ross se
tion: resolved anddire
t. In a dire
t, leading-order (LO) event, the photon parti
ipates in thehard s
atter via either boson-gluon fusion or QCD Compton s
attering. In aresolved event, the photon a
ts as a sour
e of quarks and gluons, one of whi
hs
atters o� the parton from the proton. The observable xobs
 is the fra
tionof the photon's momentum that 
ontributes to the produ
tion of the twohighest-ET jets. It is de�ned in QCD to all orders. The variable provides ameans of separating the dijet 
ross se
tion into a photon stru
ture sensitiveregion ( low xobs
 ) dominated by resolved-like events, and a less sensitiveregion (high xobs
 ) dominated by dire
t-like events.The photon stru
ture fun
tion, F 
2 , has been measured in deep inelasti
ele
tron photon s
attering (
�-DIS) at e+e� experiments [2℄. Using thismethod F 
2 and hen
e photon parton distribution fun
ions (PDFs) are notwell 
onstraint at �2 > 100 GeV2 and for xobs
 values above 0.5. The gluondensity, in parti
ular, is poorly known sin
e LO 
�-DIS is only sensitive tothe quak densities in the photon. Jet photoprodu
tion at HERA, however, isalready sensitive to the gluon 
ontent of the photon at LO and 
ross se
tions
an be measured a

urately up to high xobs
 values and with �2 > 190 GeV2.2. ResultsThe analysis [3℄ used 38.6 pb�1 of data 
olle
ted by the ZEUS dete
torduring 1996�97. The events were required to have a virtuality of the in
om-ing photon, Q2, of less than 1 GeV2 and a photon�proton 
entre-of-massenergy in the range 134 < W
p < 277 GeV. Ea
h event 
ontains at least twojets satisfying transverse-energy requirements of Ejet1T > 14 GeV and Ejet2T >11 GeV and pseudorapidity requirements of -1< �jet1;2 <2.4.2.1. Probing the matrix elementsThe dijet 
ross se
tion as a fun
tion of j 
os ��j is shown in Fig. 1. Theangle �� is that between the jet and the beam axes in the dijet 
entre-of-mass system. The 
ross se
tion is de�ned in the above kinemati
 regionbut with additional restri
tions to remove the bias from �jet and EjetT 
uts:0:1 < (�jet1 + �jet2)=2 < 1:3, j 
os ��j < 0:8 and Mjj > 42 GeV, where Mjjis the dijet invariant mass. The data are shown separately for xobs
 < 0:75(Fig. 1(a)) and xobs
 > 0:75 (Fig. 1(b)) and 
ompared to NLO predi
tions.For xobs
 < 0:75, the measured 
ross se
tion lies above the NLO predi
tions,



Real Photon Stru
ture via Dijet Photoprodu
tion 3107using GRV�HO [4℄ for the photon PDF, by an average of (10�15)%. Consid-ering the theoreti
al and experimental un
ertainties, both of (5�10)%, theNLO predi
tion gives a reasonable des
ription of the data. The predi
tionsusing AFG�HO [5℄ parameterisation for the photon give a lower 
ross se
tionthan that of GRV�HO, and are thus around (20�25)% lower than the data.For xobs
 > 0:75, the NLO predi
tion is in agreement with the measured 
rossse
tion.
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Fig. 1.In Fig. 1(
), the shapes of the data and NLO distributions are 
ompared.The predi
tions give a generally good des
ription of the data; the shapes ofthe predi
tions when using the GRV-HO and AFG-HO are similar. The dataat low xobs
 rise more rapidly at high j 
os ��j than those at high xobs
 . This is
onsistent with a di�eren
e in the spin of the dominant propagators. In LOdire
t events, the propagator is a quark, whereas resolved events are dom-inated by gluon ex
hange. The agreement in shape of these distributions,whi
h are sensitive to the matrix elements, demonstrates that also in thishigh-mass region the dynami
s of the short-distan
e pro
ess is understood.2.2. Testing the 
urrent parametrisations of the photon PDFThe 
ross se
tions and ratios of data and theory as a fun
tion of xobs
 inregions of in
reasing transverse energy are shown in Figs. 2�3. The predi
-tions lie signi�
antly above the data using the GRV�HO parameterisation at
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Real Photon Stru
ture via Dijet Photoprodu
tion 3109the lowest values of transverse energy for xobs
 > 0:5, but are in
reasingly be-low the data for values larger than 17 GeV. This trend with transverse energyis stronger for xobs
 < 0:8. Given the un
ertainties, the data and predi
tionsare 
onsistent ex
ept in the region of lowest transverse energy for xobs
 > 0:5.The dominant theoreti
al un
ertainty arises from the higher-order 
ontribu-tions beyond these present in an NLO 
al
ulation. The in
lusion of higherorder 
ontributions would have to result in a signi�
ant 
hange of shape ofthe distribution as a fun
tion of both the transverse energy and xobs
 if it wereto des
ribe the data. Fig. 2 also show the di�eren
es between the predi
tionswith CTEQ5M1 and MRST99 as proton's PDF whi
h are everywhere lessthan 5%. The predi
tions using AFG�HO as photon parameterisation aresimilar in shape to those using GRV�HO but are (10�14)% lower.2.3. Importan
e of the 
ut on the se
ond jetTo improve the understanding of the features of the 
ross se
tion in dif-ferent regions of transverse energy, the sensitivity of the above 
omparisonsto the value of the 
ut on the se
ond jet has been studied.Starting at a minimum of 11 GeV, the 
ut on the se
ond jet was raisedin both data and theory for the region 25 < Ejet1T < 35 GeV; the results areshown in Fig. 4. With in
reasing Ejet2;
utT , the data fall, as expe
ted.
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3110 A. LupiFrom Fig. 4 it 
an be seen that there is a signi�
ant dependen
e onEjet2;
utT in the 
omparisons between the measurements and NLO QCD. Byadjusting Ejet2;
utT separately in ea
h Ejet1T range, it would be possible toa
hieve agreement between the NLO predi
tion and the data.Fig. 4 shows that for a 
ut on the �rst jet of 25 < Ejet1T < 35 GeV, the
ut on the jet of lower transverse energy has to be below 21 GeV for the NLOpredi
tions to agree with the data. However, this is a somewhat arbitrarypro
edure: theoreti
al work on improving dijet 
al
ulations is needed.3. Con
lusionsThe dijet 
ross se
tion in photoprodu
tion has been measured in thekinemati
 reagion Q2 < 1 GeV2, 0:2 < y < 0:85, Ejet1T > 14 GeV, Ejet2T > 11GeV and �1 < �jet1;2 < 2:4. In the high-mass region de�ned by M jj > 42GeV and 0:1 < � < 1:3, the dijet angular distribution of the data is wellreprodu
ed by the NLO predi
tions, indi
ating that the dynami
s of theshort-distan
e pro
ess is understood. Over a wider region, the measurementsare 
ompared with NLO predi
tions using di�erent parameterisations forthe parton densities of the photon. Neither the AFG-HO nor the GRV-HOparameterisation, 
onvoluted with the NLO matix elements, fully des
ribesall features of the data. There is agreement with the theory at high xobs
and high transverse energy, where the dependen
e on the photon stru
turesis small. The data at low xobs
 signi�
antly 
onstrain the parton densitiesin the photon; future parameterisations of the photon PDFs should takethem into a

ount. These 
onstraints would be made more strigent whereimproved higher-order or resummed 
al
ulations available.REFERENCES[1℄ S. Catani et al., Nu
l. Phys. B406, 187 (1993).[2℄ S. Söldner-Rembold, hep-ex/9711005.[3℄ S. Chekanov et al., Eur. Phys. J. C23, 4, 615 (2002).[4℄ M. Glü
k, E. Reya, A. Vogt, Phys. Rev. D45, 3986 (1992); M. Glü
k, E. Reya,A. Vogt, Phys. Rev. D46, 1973 (1992).[5℄ P. Auren
he, J. Guillet, M. Fontannaz, Z. Phys. C64, 621 (1994).


