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Di�rative photoprodution of dijetsin ep ollisions at HERA

ZEUS Collaboration
AbstratDi�rative photoprodution of dijets was measured with the ZEUS detetor atthe ep ollider HERA using an integrated luminosity of 77:2 pb�1. The measure-ments were made in the kinemati range Q2 < 1 GeV2, 0:20 < y < 0:85 andxIP < 0:025, where Q2 is the photon virtuality, y is the inelastiity and xIP is thefration of the proton momentum taken by the di�rative exhange. The two jetswith the highest transverse energy, EjetT , were required to satisfy EjetT > 7:5 and6:5 GeV, respetively, and to lie in the pseudorapidity range �1:5 < �jet < 1:5.Di�erential ross setions were ompared to perturbative QCD alulations usingavailable parameterisations of di�rative parton distributions of the proton.
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1 IntrodutionIn di�rative eletron-proton sattering, the proton loses a small fration of its energyand either emerges from the sattering intat, ep ! eXp, or dissoiates into a low-massstate N , ep! eXN . A large rapidity gap (LRG) separates the hadroni system X withinvariant mass MX and the �nal-state proton p.In the framework of Regge phenomenology [1℄, di�rative interations are asribed to theexhange of a trajetory with vauum quantum numbers, the Pomeron trajetory. Inquantum hromodynamis (QCD), the di�rative fatorisation theorem [2, 3℄ states thatthe di�rative ross setion in deep inleasti sattering (DIS) an be expressed as theonvolution of universal partoni ross setions and a spei� type of parton distributionfuntions (PDF), the di�rative PDF (dPDF). Di�rative PDFs are interpreted as thenumber density of partons onditional on the observation of a di�rated proton in the �nalstate. The dPDFs [4{7℄ have been determined from the HERA inlusive measurements ofthe di�rative struture funtion FD2 [4, 5℄, de�ned in analogy with the proton struturefuntion F2, and were used for input to alulations of hard di�rative proesses at HERA,Tevatron and LHC [8{13℄.Di�rative ollisions produing a state X with a dijet system are a partiularly interestingomponent of di�rative ep interations. The transverse energies of the jets provide a hardsale, ensuring the appliability of perturbative QCD at the small photon virtualities on-sidered here. In photoprodution, at leading order (LO) of QCD, two types of proessesontribute to dijet photoprodution, namely diret and resolved photon proesses. Indiret photon proesses, the exhanged photon partiipates as a point-like partile, inter-ating with a gluon from the inoming proton (photon-gluon fusion, Fig. 1a). Thus, theseproesses are diretly sensitive to the gluon ontent of the di�rative exhange. In resolvedphoton proesses, the photon behaves as a soure of partons, one of whih interats witha parton from the di�rative exhange (Fig. 1b). For resolved photon proesses, whihresemble hadron-hadron interations, QCD fatorisation is not expeted to hold [3, 14℄.Further interations between partons from the photon and the proton may �ll the rapiditygap, leading to a breakdown of hard-sattering fatorisation and ausing a suppression ofthe di�rative photoprodution ross setion. Suh a mehanism was proposed to explainthe suppression of the measured ross setions for hard di�rative hadron-hadron satter-ing at the Tevatron with respet to expetations based on dPDFs obtained at HERA [15℄.For the di�rative resolved photoprodution, an eikonal model [16℄ predits a ross-setionsuppression by about a fator of three. In the framework of another model [17℄, assum-ing that di�rative ollisions reet the absorption of an inident partile-wave, it hasbeen argued that the strong fatorisation breaking observed in di�rative hadron-induedproesses should not be seen in photon-indued proesses.1



This analysis presents measurements of the di�rative photoprodution of dijets using theZEUS detetor at HERA. A 30-fold inrease in luminosity was ahieved ompared to theprevious ZEUS analysis [18℄. This, in ombination with the addition of a new forward1detetor, allows measurements to be made in a wider kinemati range. Di�erential rosssetions based on these measurements are ompared to next-to-leading-order (NLO) QCDpreditions at the hadron level. The omparisons are also made separately for subsamplesenrihed with diret and resolved photoprodution. A similar study has been reentlypublished by the H1 Collaboration [9℄.2 Experimental set-upThis measurement is based on the data taken with the ZEUS detetor at the ep olliderHERA in 1999-2000 when eletrons or positrons of 27:5 GeV were ollided with protonsof 920 GeV. The sample used for this study orresponds to an integrated luminosityL = 77:2 pb�1 (12:1 pb�1 and 65:1 pb�1 for the e�p and e+p samples, respetively)2. Adetailed desription of the ZEUS detetor an be found elsewhere [19℄. A brief outline ofthe omponents that are most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [20℄, whih operatesin a magneti �eld of 1:43 T provided by a thin superonduting oil. The CTD onsistsof 72 ylindrial drift hamber layers, organised in 9 superlayers overing the polar-angleregion 15Æ < � < 164Æ. The transverse-momentum resolution for full-length traks is�(pT )=pT = 0:0058pT � 0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium-sintillator alorimeter (CAL) [21℄ onsists of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeters. Eah partis subdivided transversely into towers and longitudinally into one eletromagneti se-tion (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni setions(HAC). The smallest subdivision of the alorimeter is alled a ell. The CAL energy res-olutions, as measured under test beam onditions, are �(E)=E = 0:18=pE for eletronsand �(E)=E = 0:35=pE for hadrons, with E in GeV.In 1998, the forward plug alorimeter (FPC) [22℄ was installed in the 20� 20 m2 beamhole of the FCAL, with a small hole of radius 3.15 m in the entre to aommodate thebeam pipe. The FPC inreased the forward alorimetri overage by about one unit inpseudorapidity to � . 5.1 The ZEUS oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam diretion, referred to as the \forward diretion", and the X axis pointing left towardsthe entre of HERA. The oordinate origin is at the nominal interation point.2 From now on, the word \eletron" will be used as a generi term for both eletron and positron.2



The baking alorimeter (BAC) onsists of proportional tube hambers plaed in the gapof the iron yoke. In the present analysis it was used in onjuntion with the CTD andthe CAL to identify osmi muons that traversed the yoke.The luminosity was measured from the rate of the bremsstrahlung proess ep! ep. Theresulting small-angle energeti photons were measured by the luminosity monitor [23℄, alead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.3 Kinematis and reonstrution of variablesDi�rative photoprodution in ep sattering (Fig. 1),e(e) + p(p) ! e(e0) + X(X) + p(p0),is desribed in terms of the four-momenta of the inoming and sattered eletrons, eand e0, of the inoming and sattered protons, p and p0, and of the hadroni system, X.The following kinemati variables are de�ned: the photon virtuality, Q2 = �q2, whereq = e � e0, the squared photon-proton entre-of-mass energy, W 2 = (p + q)2, and thefration of the eletron energy transferred to the proton in its rest frame (inelastiity),y = p � qp � e ' W 22p � e :The reation an be onsidered to proeed through the interation of the virtual photonwith the di�rative exhange (Pomeron, IP ). This proess is desribed by the invariantmass, MX , of the hadroni system X and the fration of the proton momentum arriedby the di�rative exhange xIP = (p� p0) � qp � q :In the present data, the state X ontains a dijet system as the result of a hard satteringproess. The partons from the resolved photon and the di�rative exhange partiipatingin the interation have frational momenta given byx = p � up � q ;where u is the four-momentum of the parton in the resolved photon, andzIP = v � q(p� p0) � q ;3



where v is the four-momentum of the parton in the di�rative exhange.Energy ow objets (EFOs) were reonstruted from CAL lusters and CTD traks andombine the CTD and CAL information to optimise the resolution of the reonstrutedkinemati variables [24℄. The EFOs were additionally orreted for energy loss due toinative material in front of the CAL [25℄.The mass MX of the hadroni system X was reonstruted asMX =pPh (E � pZ)h �Ph(E + pZ)h ;where the index h runs over all EFOs. The quantities E and pZ indiate the energy andthe longitudinal momentum of the EFOs, respetively.The inelastiity, y, was estimated from the EFOs aording to the Jaquet-Blondel method[26℄ as yJB =Ph (E � pZ)h=2Ee ;where Ee is the initial eletron energy. For events with an eletron andidate, the inelas-tiity was also determined from the sattered eletron, ye.The longitudinal momentum fration transferred from the proton to the di�rative ex-hange, xIP , was reonstruted asxIP =Ph(E + pZ)h=2Ep ,where Ep is the initial proton energy.The jets were reonstruted from the EFOs by using the kT algorithm [27℄ in the lon-gitudinally inlusive mode [28℄ in the laboratory frame. The variables Ejet1;2T and �jet1;2haraterise the two jets with highest transverse energy, ET , with Ejet1T > Ejet2T . For thevariables x and zIP , whih are not measurable diretly, the observable estimators xobs [29℄and zobsIP were reonstruted asxobs = Pjet1;2EjetT e��jet2yEe ;zobsIP = Pjet1;2EjetT e�jet2xIPEp ;where the sums run over the two highest ET jets.In diret-photon proesses, at LO in QCD, x is equal to one, whereas resolved-photonproesses appear at x < 1. A diret-enrihed region was de�ned by xobs � 0:75 and aresolved-enrihed region by xobs < 0:75. 4



4 Event seletionA three-level trigger system was used to selet events online [19, 30℄. Events with a largeenergy deposit in the alorimeter, negleting the three inner rings of ells around thebeampipe in the FCAL, were seleted at the �rst-level trigger. Additional uts wereapplied at the seond-level trigger to rejet beam-gas interations and other non-ep bak-ground events. At the third level, the measured transverse energy, exluding the �rst innerring of the FCAL, was required to be greater than 11 GeV. Jets were not preseleted atany trigger level.Well-reonstruted events were seleted by applying the following quality uts. The eventswere required to have at least three well-measured traks of transverse momentum pT >0:2 GeV originating from the same vertex. The longitudinal position of the vertex, Zvtx,had to be in the range �35 < Zvtx < 30 m.Photoprodution events were seleted as follows. Events with a sattered eletron andi-date having an inelastiity of ye � 0:7 were assumed to be DIS events and removed. Inaddition, 0:20 < yJB < 0:85 was required. The ut on ye and the upper ut on yJB reduedthe remaining bakground from DIS events and also restrited the range of the virtualityof the exhanged photon to Q2 < 1 GeV2 with a median value of 10�3 GeV2. The lowerut on yJB removed proton-beam gas events whih deposit energy in the FCAL near thebeam pipe.Events with at least two jets were seleted by requiring a transverse jet energy aboveEjet1(2)T > 7:5 (6:5) GeV. Both jets were required to be in the pseudorapidity range �1:5 <�jet1;2 < 1:5, measured in the laboratory frame.Di�rative events were seleted by requiring the presene of a LRG between the satteredproton and the rest of the hadroni �nal state. Sine the proton was not measured,the requirement of a LRG was implemented by a ut on the total energy in the FPC,EFPC < 1:0 GeV, and by demanding �max < 2:8. Here �max is de�ned as the pseudorapidityof the most forward EFO with an energy above 400 MeV in the CAL. This seletion ensuresat least a two-unit rapidity gap in the hadroni system, suppressing bakground from non-di�rative and proton-dissoiative proesses. In addition, a ut xIP < 0:025 was appliedto enhane the Pomeron-exhange ontribution [31℄.Finally, osmi-ray events originating from muons that traversed the detetor near theinteration point were removed. Details an be found elsewhere [32, 33℄. A total of 6990events remained after all seletion uts. 5



5 Monte Carlo simulationsMonte Carlo (MC) simulations were used to determine aeptanes and resolution e�etsat detetor level and to extrat the hadronisation orretions for the NLO preditions,i.e. ratios of event yields at hadron level to those at parton level.The MC generator Rapgap [34℄ was used to simulate dijet proesses in di�rative pho-toprodution at the Born level. Eletroweak radiative e�ets were simulated by usingRapgap in onjuntion with Herales 4.6 [35℄.The eletron-proton interations at small Q2 were modelled with both diret and resolvedphoton proesses (Fig. 1). Events were generated assuming that di�rative proessesproeed via the emission of a partile-like Pomeron from the proton followed by theinteration of the virtual photon with the Pomeron. Although this fatorised approahhas no justi�ation in QCD, it gives a fair desription of the data. The di�rative PDFs,as determined by the H1 Collaboration (H1 LO �t 2) [36℄ for the Pomeron ontribution,were used. For resolved photon proesses, the photon PDFs GRV-G-HO [37℄ were hosen.In the simulation hain, the proess of QCD radiation is followed by hadronisation. Thiswas simulated by interfaing Rapgap to a parton-shower model as implemented in Meps[38℄ and to a hadronisation model based on string fragmentation [39, 40℄ as implementedin Jetset [41℄.The generated MC events were passed through the standard simulation of the ZEUSdetetor, based on the Geant program [42℄, and a trigger-simulation pakage [30℄. Thesimulated events were reonstruted and seleted in the same way as the data.Sine the MC events generated with Rapgap did not adequately desribe the zobsIP dis-tribution of the data, they were reweighted to the measured distribution separately forxobs � 0:75 and xobs < 0:75. The relative frations of diret photon and resolved photonproesses were determined from a �t to the data. Resolved proesses aount for aboutone third of the total event sample.Event distributions are ompared with the reweighted Rapgap MC distributions forthe kinemati variables y, MX , Ejet1;2T and �jet1;2 in Fig. 2. The MC distributions werenormalised to the data yielding a reasonable overall desription of the data.The hadronisation orretions were alulated with theRapgapMC sample after reweight-ing its parton level zobsIP distribution to eah of the NLO preditions desribed in Se-tion 8.2. In addition, hadronisation orretions were also alulated with a MC samplegenerated with Pomwig [43℄, a modi�ation of the Herwig MC program [44℄ based ona luster fragmentation model [45,46℄. Sine only diret photon interations an be simu-lated with Pomwig, the omparison to Rapgap was restrited to the range xobs � 0:75.6



The bin-by-bin di�erenes between the orretions obtained with the two programs givean indiation of the systemati unertainties due to the hadronisation orretions [33℄.The MC generator Pythia [47℄ was used to model the non-di�rative photoprodutionof two jets. Events were generated using the CTEQ5L [48℄ (GRV-G-HO) parametrisationof the proton (photon) PDFs and proessed through the same simulation and seletionhain as the data.6 BakgroundBakground from proton-dissoiative events, with a low-mass proton-dissoiative systemesaping down the beam pipe, was estimated to be (16� 4)% [32℄ by �tting to the FPCenergy distribution, without the EFPC ut, a mixture of Rapgap and Epsoft MC [49℄.This value was also obtained from hard di�rative prodution of open harm [50℄. It wasassumed that this estimate is independent of all kinemati variables studied here. Themeasured ross setions were saled down aordingly.Bakground from non-di�rative dijet photoprodution, as estimated with the PythiaMC, was found to be less than 5% throughout the whole kinemati range, and was ne-gleted.7 Systemati unertaintiesSystemati unertainties on the measured ross setions were estimated as desribed be-low:� the trigger eÆieny was estimated for both data and Monte Carlo events using anindependent trigger branh. The eÆieny was above 98% for the entire kinematirange. The Monte Carlo simulation agrees with the data within �1% [33℄ and theunertainty was negleted;� the transverse jet-energy sale was varied by �3%, the typial unertainty in this EjetTrange [18℄. This variation resulted in an unertainty of less than �5%;� the FPC energy ut was varied by �0:5 GeV, resulting in an unertainty less than�1% in most bins and not more than �2%;� hanging the energy threshold of the EFOs, whih is used to alulate �max, by�100 MeV led to an unertainty typially less than �1% and not more than �2%in any bin; 7



� the �max values of data and Monte Carlo events were shifted relative to eah other by�0:1, the typial � resolution. This led to the largest observed unertainties whihwere typially below �6:5% and up to �14% for low zobsIP and large xIP and MX ;� the lower yJB ut was varied within its resolution (0.04); the resulting unertaintieswere typially less than �1% and not more than �3%. When the higher yJB ut waslowered, the measured ross setions hanged typially by < 1% and not more than�4%;� varying the �jet uts within its resolution (0.1) gave an unertainty whih is mostlybelow �1% and not more than �4%;� the xIP ut was varied within its resolution (0:0025); the resulting unertainties weretypially less than �2%, inreasing to �6% in the highest MX and �jet1 bins.The systemati unertainties not assoiated with the jet-energy sale were added inquadrature to the statistial unertainty and are shown as error bars of the measuredross setions in Figs 3 to 6. The unertainty due to the energy sale is shown separatelyas a shaded band in eah of the �gures. Overall normalisation unertainties of �2:2% fromthe luminosity determination and of �4% from subtration of the dissoiative bakgroundwere not inluded.8 Results8.1 Cross setionsSingle-di�erential ross setions were measured in the kinemati region Q2 < 1 GeV2,0:20 < y < 0:85, xIP < 0:025, Ejet1(2)T > 7:5 (6:5) GeV and �1:5 < �jet1;2 < 1:5, andwere determined as a funtion of y, MX , xIP , zobsIP , Ejet1T , �jet1 and xobs . The estimatedontribution of proton-dissoiative bakground of 16% was subtrated in all bins.The ross setions are shown in Figs 3 and 4 and listed in Tables 1{3. The ross setiondependene on xobs , shown in Fig. 4, indiates that diret-enrihed (xobs � 0:75) proessesdominate di�rative dijet photoprodution in the kinemati range of this measurement.Single-di�erential ross setions were also determined separately for diret-photon en-rihed and resolved-photon enrihed proesses. They are shown in Figs 5 and 6, respe-tively, and listed in Tables 4 and 5. The two sets of distributions di�er in shape. Typially,resolved events are haraterised by larger di�rative masses MX ; this in turn reets intothe observed xIP behaviour. Slight di�erenes are observed in the zobsIP distributions withthe most prominent feature being the rise of the diret-enrihed omponent when zobsIPapproahes one. 8



8.2 Comparison to the NLO QCD alulationsNLO preditions for di�rative photoprodution of dijets were alulated at parton levelwith a program by M. Klasen and G. Kramer [51℄. The alulations were performed witha �xed-avour number of Nf = 4 and �4 = 330 MeV, hosen to math the value of therunning �S in the region of four ative avours. Three sets of dPDFs were used: theZEUS LPS �t, determined from an NLO QCD �t to inlusive di�ration and di�rativeharm-prodution data [4℄, and the H1 2006 �ts A and B, obtained from �ts to inlusivedi�ration data [5℄. The Regge-inspired parameters set for the NLO alulations were thesame as used to obtain the dPDFs. The t-slope used in the Pomeron ux was 5 GeV2.For omparison with data, the NLO alulations obtained with the H1 dPDFs were saleddown by a fator3 of 0.87 [5℄. The ontribution of subleading Regge trajetories as imple-mented in the H1 �ts was inluded. For the resolved photon, the -PDF parametrisationsGRV [37℄ and AFG04 [52℄ were used.The NLO QCD preditions were obtained setting the renormalisation and fatorisationsales to �R = �F = � = Ejet1T . The theoretial unertainties were estimated by varyingthe sales simultaneously between (0:5 � Ejet1T ) and (2 � Ejet1T ) [51℄. Changing the numberof ative avours to Nf = 5 in the NLO alulations leads to an inrease of the expetedross setion for xobs � 0:75 by less than 10%, and to a negligible e�et elsewhere. Theunertainties of the dPDFs and the Pomeron ux, onstraining diretly the normalisation,were not inluded. The predited ross setions were transformed to the hadron level usingthe hadronisation orretions alulated with Rapgap as desribed in Setion 5. Theunertainties of the hadronisation orretions are not inluded in the error alulationsfor the ross setions.The data are ompared with NLO QCD preditions at hadron level for the full xobs rangein Figs 3 and 4. The hadronisation orretions applied to the NLO preditions at partonlevel are shown in the lower part of eah plot and the values are given in Tables 1{3. Theasymmetri theoretial unertainties, estimated as desribed, were determined for theZEUS LPS �t; those for the other NLO preditions are similar. The data are reasonablywell desribed in shape. However, they lie systematially below all the preditions. Mostof the suppression originates from the lower Ejet1T region.Figure 4(b) shows the ratio of the data and the NLO preditions using the ZEUS LPS�t. The ratio is below one, onsistent with a suppression fator of about 0.7 independentof x . Also shown is the ratio expeted if the alulated resolved-photon ross setion issuppressed by a fator of 0:34 [16℄. No additional suppression fator for resolved-enrihed3 The H1 measurements used to derive the H1 dPDFs inlude low-mass proton-dissoiative proesseswhih leads to an overestimate of the photon-di�rative ross setion by a fator of (1:15+0:15�0:08) asobtained from MC simulations [5℄. 9



data is observed. The suppression fator depends on the dPDFs and ranges betweenabout 0.6 (H1 2006 �t A) and about 0.9 (H1 2006 �t B). Within the large unertaintiesof NLO alulations, the data are ompatible with no suppression, as expeted in [17℄.Di�erential ross setions for the diret-enrihed and resolved-enrihed samples are om-pared with NLO preditions at hadron level in Figs 5 and 6. Again the hadronisationorretions are shown in the lower part of eah plot and the values are given in Tables 4and 5. For diret-enrihed data, the hadronisation orretions are shown for both Rapgapand Pomwig. The di�erenes are taken as an estimate of the unertainties as desribedin Setion 5. The data lie systematially below the NLO alulations. Also, ontrary toNLO expetations, the ross setion as a funtion of zobsIP for the diret-enrihed samplerises steadily with inreasing zobsIP .Compared to NLO alulations obtained with the program of Frixione and Ridol� [53℄, theH1 Collaboration observed a suppression fator of about 0.5 in both resolved-enrihed anddiret-enrihed ross setions of di�rative dijet photoprodution [9℄. The measurementsof ZEUS and H1 over di�erent kinemati regions in ET and xIP .4 In partiular, the H1measurements extend to lower ET values than in the ZEUS analysis. In ZEUS, the largestdisrepany between the measured and predited values of the ross setion is observedat the lowest ET values suggesting that the onlusion on fatorisation breaking dependson the probed sale.9 ConlusionsCross setions for di�rative photoprodution of dijets were measured with the ZEUSdetetor at HERA using an integrated luminosity of 77:2 pb�1. The measurements wereperformed in the kinemati region Q2 < 1 GeV2, 0:20 < y < 0:85 and xIP < 0:025. Thetwo jets with highest transverse energy were required to have Ejet1(2)T > 7:5 (6:5) GeV and�1:5 < �jet1;2 < 1:5.The measured di�erential ross setions are ompared to NLO QCD preditions based onavailable parameterisations of di�rative PDFs. The omparisons were made for the fulldata sample as well as for the subsamples enrihed with resolved photon (xobs < 0:75)and diret photon (xobs � 0:75) proesses. The NLO alulations tend to overestimatethe measured ross setions of both the resolved-enrihed and the diret-enrihed datasample. However, within the large unertainties of the NLO alulations the data areompatible with QCD fatorisation.4 It was heked that both programs for alulating NLO preditions give onsistent results.10
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y bin d�=dy Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:20; 0:33 137:9 5:3 +15:2�7:0 +4:0�2:9 1:160:33; 0:46 198:4 6:3 +18:9�5:0 +12:1�4:1 1:090:46; 0:59 218:3 6:7 +16:5�10:4 +19:4�12:8 1:050:59; 0:72 196:5 6:2 +19:1�8:2 +13:0�5:7 1:050:72; 0:85 203:6 6:4 +17:1�6:6 +16:6�10:4 1:04MX bin d�=dMX Æstat Æsyst ÆES Chad(GeV) (pb=GeV) (pb=GeV) (pb=GeV) (pb=GeV)15:0; 20:0 2:11 0:11 +0:11>�0:01 +0:13>�0:01 1:3720:0; 25:0 6:35 0:17 +0:24�0:13 +0:26�0:23 1:1625:0; 30:0 6:39 0:17 +0:68�0:15 +0:51�0:26 1:0430:0; 35:0 5:41 0:17 +0:57�0:32 +0:36�0:21 1:0135:0; 40:0 3:14 0:14 +0:62�0:19 +0:32�0:13 1:0140:0; 45:0 1:21 0:09 +0:23�0:08 +0:21�0:07 0:97xIP bin d�=dxIP Æstat Æsyst ÆES Chad(nb) (nb) (nb) (nb)0:000; 0:005 0:40 0:06 +0:01�0:04 +0:04>�0:01 1:460:005; 0:010 3:94 0:14 +0:18�0:10 +0:14�0:21 1:210:010; 0:015 6:28 0:17 +0:36�0:10 +0:53�0:20 1:100:015; 0:020 7:00 0:19 +0:84�0:31 +0:47�0:27 1:020:020; 0:025 7:21 0:21 +1:13�0:50 +0:62�0:18 1:03zobsIP bin d�=dzobsIP Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:2; 0:4 86:4 5:0 +12:4�9:0 +9:9�3:6 0:880:4; 0:6 145:7 4:9 +15:7�8:9 +9:3�8:2 0:920:6; 0:8 192:9 4:9 +9:6�8:0 +11:3�10:7 1:110:8; 1:0 190:2 4:2 +11:2�0:2 +10:8�5:2 1:49Table 1: Di�erential ross setions for the di�rative photoprodution of dijets as afuntion of y, MX , xIP and zobsIP listed with statistial (Æstat) and systemati (Æsyst) un-ertainties and energy sale (ÆES) unertainties; the last olumn shows the hadronisationorretions (Chad) applied to the NLO QCD preditions.
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Ejet1T bin d�=dEjet1T Æstat Æsyst ÆES Chad(GeV) (pb=GeV) (pb=GeV) (pb=GeV) (pb=GeV)7:5; 9:5 44:0 0:8 +3:9�1:6 +0:4�1:0 1:029:5; 11:5 13:7 0:4 +1:3�0:5 +3:1�0:7 1:2211:5; 13:5 3:5 0:2 +0:3�0:2 +0:4�0:3 1:2213:5; 15:5 0:8 0:1 +0:1�0:0 +0:1�0:1 1:35�jet1 bin d�=d�jet1 Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)�1:5; �1:0 14:2 0:9 +1:5�0:6 +1:0�1:0 0:70�1:0; �0:5 55:6 1:8 +3:1�2:4 +3:2�1:9 0:94�0:5; 0:0 72:9 2:0 +5:0�3:6 +4:7�3:7 1:090:0; 0:5 63:6 1:8 +6:3�2:2 +4:5�2:6 1:160:5; 1:0 34:9 1:3 +4:9�0:8 +2:3�0:2 1:281:0; 1:5 8:0 0:6 +1:1�0:3 +0:9�0:3 1:38Table 2: Di�erential ross setions for the di�rative photoprodution of dijets as afuntion of Ejet1T and �jet1 listed with statistial (Æstat) and systemati (Æsyst) unertaintiesand energy sale (ÆES) unertainties ; the last olumn shows the hadronisation orretions(Chad) applied to the NLO QCD preditions.
xobs bin d�=dxobs Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:250; 0:375 28:5 2:4 +1:4�3:0 +0:5�1:1 1:230:375; 0:500 52:7 3:2 +2:7�4:1 +4:2�1:9 1:040:500; 0:625 78:1 3:7 +3:2�4:2 +1:9�4:5 1:010:625; 0:750 114:3 4:5 +6:8�7:4 +5:9�7:3 1:180:750; 1:000 356:5 6:2 +29:1�14:1 +23:3�14:4 1:07Table 3: Di�erential ross setions for the di�rative photoprodution of dijetsas a funtion of xobs listed with statistial (Æstat) and systemati (Æsyst) unertain-ties and energy sale (ÆES) unertainties; the last olumn shows the hadronisationorretions applied to the NLO QCD preditions.
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y bin d�=dy Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:20; 0:33 123:2 5:1 +12:0�6:7 +2:3�3:8 1:100:33; 0:46 152:6 5:7 +13:0�4:5 +10:2�4:8 1:070:46; 0:59 151:8 5:7 +11:0�7:3 +13:6�8:5 1:070:59; 0:72 125:2 5:0 +13:4�5:3 +7:9�1:8 1:050:72; 0:85 135:3 5:4 +11:3�4:9 +10:6�9:8 1:09MX bin d�=dMX Æstat Æsyst ÆES Chad(GeV) (pb=GeV) (pb=GeV) (pb=GeV) (pb=GeV)15:0; 20:0 2:08 0:11 +0:10�0:01 +0:13>�0:01 1:3720:0; 25:0 5:27 0:16 +0:30�0:08 +0:22�0:13 1:1125:0; 30:0 4:88 0:16 +0:38�0:17 +0:35�0:35 1:0530:0; 35:0 3:26 0:14 +0:36�0:25 +0:23�0:14 1:0335:0; 40:0 1:70 0:11 +0:36�0:16 +0:19�0:06 1:0540:0; 45:0 0:58 0:07 +0:12�0:07 +0:12�0:07 1:05xIP bin d�=dxIP Æstat Æsyst ÆES Chad(nb)0:000; 0:005 0:40 0:06 +0:01�0:05 +0:03>�0:01 1:480:005; 0:010 3:33 0:12 +0:18�0:05 +0:14�0:15 1:220:010; 0:015 4:84 0:15 +0:27�0:09 +0:34�0:16 1:100:015; 0:020 4:86 0:16 +0:56�0:26 +0:34�0:22 1:060:020; 0:025 4:43 0:18 +0:68�0:40 +0:34�0:21 1:03zobsIP bin d�=dzobsIP Æstat Æsyst ÆES Chad(pb) (pb=GeV) (pb=GeV) (pb=GeV)0:2; 0:4 72:0 4:7 +9:1�8:1 +7:4�3:3 0:890:4; 0:6 105:3 4:2 +12:3�5:6 +6:5�7:1 1:020:6; 0:8 120:6 3:8 +9:5�3:1 +8:0�4:8 1:170:8; 1:0 144:0 3:8 +4:4�2:4 +7:3�5:2 1:59Table 4: Di�erential ross setions for the di�rative photoprodution of dijets forxobs � 0:75 listed with statistial (Æstat) and systemati (Æsyst) unertainties and en-ergy sale (ÆES) unertainties; the last olumn shows the hadronisation orretionsapplied to the NLO QCD preditions.
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y bin d�=dy Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:20; 0:33 14:7 1:5 +2:5�1:0 +0:7�0:1 1:930:33; 0:46 44:9 2:7 +5:6�2:7 +0:1�1:7 1:190:46; 0:59 66:5 3:5 +11:9�6:9 +3:9�5:9 1:010:59; 0:72 71:0 3:6 +22:4�4:4 +3:6�5:0 1:080:72; 0:85 69:5 3:5 +18:6�4:5 +4:3�2:8 1:09MX bin d�=dMX Æstat Æsyst ÆES Chad(GeV) (pb=GeV) (pb=GeV) (pb=GeV) (pb=GeV)15:0; 20:0 0:03 0:01 +0:01�0:01 <+0:01>�0:01 1:7220:0; 25:0 1:09 0:07 <+0:01�0:15 +0:04�0:11 1:5425:0; 30:0 1:55 0:07 +0:27�0:07 +0:06�0:04 1:0730:0; 35:0 2:14 0:10 +0:59�0:18 +0:07�0:14 1:0135:0; 40:0 1:45 0:09 +0:50�0:14 +0:07�0:12 1:1140:0; 45:0 0:64 0:06 +0:26�0:06 +0:07�0:04 1:08xIP bin d�=dxIP Æstat Æsyst ÆES Chad(nb) (nb) (nb) nb)0:005; 0:010 0:60 0:05 <+0:01�0:07 <+0:01�0:07 1:160:010; 0:015 1:44 0:08 +0:20�0:09 +0:13�0:08 1:130:015; 0:020 2:19 0:10 +0:46�0:13 +0:04�0:14 1:080:020; 0:025 2:76 0:12 +0:99�0:28 +0:15�0:11 1:13zobsIP bin d�=dzobsIP Æstat Æsyst ÆES Chad(pb) (pb) (pb) (pb)0:2; 0:4 14:4 1:8 +8:5�1:5 +1:8�0:9 0:960:4; 0:6 40:4 2:6 +22:3�3:7 +2:5�1:4 0:950:6; 0:8 72:3 3:1 +20:7�5:6 +3:8�5:5 1:190:8; 1:0 46:2 1:8 +0:8�11:3 +0:8�2:7 1:26Table 5: Di�erential ross setions for the di�rative photoprodution of dijets forxobs < 0:75 listed with statistial (Æstat) and systemati (Æsyst) unertainties and en-ergy sale (ÆES) unertainties; the last olumn shows the hadronisation orretionsapplied to the NLO QCD preditions.
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Figure 2: Comparison of the data (dots) with the Rapgap MC (solid line)normalised to the data as a funtion of (a) y, (b) MX, () Ejet1T , (d) �jet1, (e) Ejet2Tand (f) �jet2 after all uts but the one on the plotted variable.
20



Figure 3: Single-di�erential ross setions (dots) as a funtion of (a) y, (b)MX , () xIP , (d) zobsIP , (e) Ejet1T and (f) �jet1 ompared with NLO QCD preditions,orreted for hadronisation, using the dPDFs from the ZEUS LPS �t (solid line),the H1 2006 �t A (dashed line) and the H1 2006 �t B (dotted line) and the GRV-PDFs. The inner error bars of the dots show the statistial unertainty, the outererror bars show the statistial and systemati unertainties (see Setion 7) added inquadrature. The dark shaded band indiates the jet energy sale unertainty. Thelight shaded band shows the theoretial unertainty due to the variation of the salewhen using the ZEUS LPS �t. Underneath eah plot the hadronisation orretionsapplied to the NLO predition at parton level are shown.21



Figure 4: (a) Single-di�erential ross setion as a funtion of xobs omparedwith NLO QCD preditions, orreted for hadronisation, using the dPDFs from theZEUS LPS �t (solid line), the H1 2006 �t A (dashed line) and the H1 2006 �t B(dotted line) and the GRV -dPDF. The predition with H1 2006 �t A is also shownusing the AFG parametrisation of the �PDFs (dashed-dotted line). Other detailsare the same as in the aption of Fig. 3. (b) Ratio of data and NLO preditionsusing the ZEUS LPS �t and GRV. The histogram indiates the expetation with thepredited resolved photon omponent saled down by a fator of 0.34. The shadedand hathed bands show the theoretial unertainty. Underneath the hadronisationorretions applied to the NLO predition at parton level are shown.22



Figure 5: Single-di�erential ross setions as a funtion of (a) y, (b) MX , () xIPand (d) zobsIP for diret-photon-enrihed dijet photoprodution (xobs � 0:75) om-pared with NLO QCD preditions, orreted for hadronisation, using the dPDFsfrom the ZEUS LPS �t (solid line), the H1 2006 �t A (dashed line) and the H1 �tB (dotted line) and the GRV -PDFs. Underneath eah plot hadronisation orre-tions are shown whih were obtained with Rapgap (upper histogram) and Pomwig(lower histogram), respetively. The shaded bands indiate the di�erenes. The or-retions from Rapgap were applied to obtain the NLO preditions shown above.Further details are the same as in the aption of Fig. 3.23



Figure 6: Single-di�erential ross setions as a funtion of (a) y, (b) MX , () xIPand (d) zobsIP for resolved-photon-enrihed dijet photoprodution (xobs < 0:75) om-pared with NLO QCD preditions, orreted for hadronisation, using the dPDFsfrom the ZEUS LPS �t (solid line), the H1 2006 �t A (dashed line) and the H12006 �t B (dotted line) and the GRV -PDFs. Underneath eah plot the hadronisa-tion orretions applied to the NLO preditions at parton level are shown. Furtherdetails are the same as in the aption of Fig. 3.24
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