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AbstratZEUS inlusive di�rative ross-setion measurements have been used in aDGLAP next-to-leading-order QCD analysis to extrat the di�rative partondistribution funtions. Data on di�rative dijet prodution in deep inelastisattering have also been inluded to onstrain the gluon density. Preditionsbased on the extrated parton densities are ompared to di�rative harm anddijet photoprodution data.
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1 IntrodutionMany aspets of di�rative interations an be desribed in the framework of quantumhromodynamis (QCD) as long as a hard sale is present, so that perturbative tehniquesan be used and the dynamis of the proesses an be formulated in terms of quarksand gluons. HERA data have ontributed signi�antly to the understanding of suh in-terations, sine events haraterised by the di�rative dissoiation of virtual photons,�p! Xp, onstitute a large fration (� 10%) of the visible ross setion in deep inelas-ti sattering (DIS). Di�rative reations in DIS are a tool to investigate low-momentumpartons in the proton, notably through the study of di�rative parton distribution fun-tions (DPDFs). The latter are the densities of partons in the proton when the �nal stateof the proess ontains a fast proton of spei�ed four-momentum. A preise knowledge ofthe DPDFs is an essential input to preditions of hard di�rative proesses at the LHC.Several reent sets of DPDFs [1{4℄ have been determined in global �ts using the on-ventional DGLAP formalism [5{7℄ in next-to-leading-order (NLO) QCD. The di�rativestruture funtion, FD2 , whih dominates the ross setion, is diretly sensitive to thequark density, whereas the gluon density is only indiretly onstrained via saling viola-tions in the inlusive di�rative DIS ross setions. The inlusion of di�rative dijet dataprovides an additional onstraint on the gluon density, sine gluons diretly ontribute tojet prodution through the boson-gluon fusion proess [8℄.For this paper, reently published ZEUS inlusive di�rative data [9℄ and di�rative DISdijet data [10℄ were used to extrat the DPDFs. The inlusive data were �rst �tted aloneand then in ombination with the dijet data. The results are ompared to H1 �ts [1,2℄, aswell as to ZEUS di�rative harm data [11℄ and to ZEUS di�rative dijet photoprodutiondata [12℄.2 Theoretial frameworkThe ross setion for di�rative DIS, ep! eXp, in the one-photon-exhange approxima-tion, an be expressed in terms of the di�rative redued ross-setion �D(3)r :d�ep!eXpd�dQ2dxIP = 2��2�Q4 �1 + (1� y)2��D(3)r (�;Q2; xIP ); (1)whih depends on the di�rative struture funtions, FD(3)2=L , as�D(3)r (�;Q2; xIP ) = FD(3)2 (�;Q2; xIP )� y21 + (1� y)2 FD(3)L (�;Q2; xIP ): (2)1



The kinemati variables used in Eqs. (1) and (2) are de�ned as follows:� Q2 = �q2 = �(k� k0)2, the negative invariant-mass squared of the exhanged virtualphoton, where q = k � k0 is the di�erene of the four-momenta of the inoming andoutgoing leptons;� xIP = (P � P 0) � q=P � q, the fration of the momentum of the proton arried bythe di�rative exhange, where P and P 0 are the four-momenta of the inoming andoutgoing protons, respetively;� � = Q2=2(P � P 0) � q, the Bjorken variable de�ned for the di�rative exhange;� the inelastiity y = (q � P )=(k � P ).The four-momentum exhanged at the proton vertex, jtj, is integrated over in Eqs. (1)and (2).The QCD fatorisation theorem [13{16℄ allows the di�rative struture funtions, FD(3)2=L ,to be expressed in terms of onvolutions of oeÆient funtions and DPDFs:FD(3)2=L (�;Q2; xIP ) = Xi 1Z� dzz C2=L;i��z � fDi (z; xIP ;Q2); (3)where the sum runs over partons of type i and z is the longitudinal momentum fration ofthe parton entering the hard subproess with respet to the di�rative exhange. In thelowest-order quark-parton model proess, z = �. The inlusion of higher-order proessesleads to � < z. The oeÆient funtions C2=L;i are the same as in inlusive DIS. Inanalogy to the usual parton distribution funtions, the DPDFs fDi (z; xIP ;Q2) are densitiesof partons of type i with frational momentum zxIP in a proton, probed with resolution Q2in a proess with a fast proton in the �nal state with frational momentum (1�xIP ). Thedependene of the DPDFs on the sale Q2 is given by the DGLAP evolution equations.Proton-vertex fatorisation [17℄ was adopted to model the xIP dependene of the DPDFs.Two ontributions were assumed, alled Pomeron and Reggeon, separately fatorisableinto a term depending only on xIP and a term depending only on z and Q2,fDi (z; xIP ;Q2) = fIP (xIP )fi(z; Q2) + fIR(xIP )f IRi (z; Q2): (4)The ux-fators fIP and fIR desribe the emission of the Pomeron and Reggeon from theproton. Suh an assumption was shown [9℄ to work to a good approximation for the dataused in this analysis. 2



3 Analysis methodThe DGLAP evolution equations yield the distributions fi(z; Q2) of the quarks and gluonsat all values of Q2, provided the DPDFs are parameterised as funtions of z at somestarting sale Q20. The input parameters were �tted to the data by minimising a �2funtion [8℄. Correlated systemati unertainties were taken into aount by using themethod desribed in an earlier ZEUS publiation [18℄.The QCD evolution was performed with the programs Qdnum [19℄ as well as a newlydeveloped pakage, Qd1. The strong oupling onstant was set to �s(MZ) = 0:118.The ontribution from heavy quarks was treated within the general-mass variable-avour-number sheme of Thorne and Roberts (TR-VFNS) [20℄, whih interpolates between thethreshold and the high-Q2 behaviour for heavy quarks. The values of the heavy-quarkmasses used were m = 1:35 GeV and mb = 4:3 GeV [8℄. The inuene of FD(3)L wasaounted for through its NLO dependene on the parton densities.The NLO QCD preditions for the di�rative struture funtions were obtained by on-voluting the DPDFs with the QCD oeÆient funtions. Preditions for the inlusivedi�rative redued ross setions were obtained using Q as the fatorisation and renor-malisation sales; for the dijet ross setions, Q was taken as the fatorisation sale andthe transverse energy of the leading jet, EjetT , as the renormalisation sale. Preditionsfor the dijet ross setions at the parton level were performed at NLO with Disent [21℄and Nlojet++ [22℄. The two programs agree within 5%. These programs an deal withan arbitrary number of avours but treat all quarks as massless. Thus they math theTR-VFNS at sales muh larger than the quark masses, but may give impreise resultsfor sales lose to the mass thresholds. The preditions were orreted for hadronisatione�ets [23℄.3.1 Parameterisation of the DPDFsThe DPDFs were modelled at the starting sale Q20 = 1:8 GeV2 in terms of quark singlet,f+ = Pq(fq + f�q), and gluon, fg, distributions. The neutrality of the di�rative exhangerequires f�q = fq for all avours. The light-quark distributions were assumed to be equal,fu = fd = fs. The distributions of the  and b quarks were generated dynamially at thesale Q above the orresponding mass threshold, i.e. no intrinsi harm or bottom wereassumed. At the starting sale, hosen to be below the harm threshold, the quark-singletparameterisation is summed over the light-quark distributions, f+ = 6fq, where q denotes1 Computer ode developed by W. Slominski. 3



any of u; d; s and their antiquarks. The distributions were parameterised at Q20 aszfd;u;s(z; Q20) = AqzBq(1� z)Cq ;zfg(z; Q20) = AgzBg(1� z)Cg : (5)An additional fator, e� 0:0011�z , was inluded to ensure that the distributions vanish forz ! 1 even for negative values of Cq;g.The xIP dependene was parameterised using Pomeron and Reggeon uxesfIP;IR(xIP ; t) = AIP;IReBIP;IRtx2�IP;IR(t)�1IP ; (6)with linear trajetories �IP;IR(t) = �IP;IR(0)+�0IP;IRt, where t is the four-momentum transferat the proton vertex. The ux fators in Eq. (6) were integrated over t between �1 GeV2and the kinematially allowed maximum value, as for a previous ZEUS publiation [9℄.The values of the parameters whih were �xed in the �ts are summarised in Table 1.The value of the normalisation parameter AIP was absorbed in Aq;g. The Reggeon partondensities, f IRi in Eq. (4), were taken from a parameterisation derived from �ts to pionstruture-funtion data [24℄.In total, 9 parameters were left free in the �ts: Aq;g, Bq;g, Cq;g, the Pomeron and Reggeoninterepts, �IP (0) and �IR(0), and the normalisation of the Reggeon term, AIR.3.2 DataInlusive di�rative data were �tted alone as well as in ombination with a sample ofdi�rative dijet data. The inlusive di�rative redued-ross-setion data [9℄ used in the�ts were seleted using two methods: the requirement of a large rapidity gap between the�nal-state proton and the rest of the hadroni system (LRG sample) and the detetionof the �nal-state proton in the ZEUS leading proton spetrometer (LPS sample)2. Thesedata over photon-proton entre-of-mass energies in the range 40 < W < 240 GeV, photonvirtualities in the range 2 < Q2 < 305 GeV2 (LRG) and 2 < Q2 < 120 GeV2 (LPS) andhadroni-�nal-state masses in the range 2 < MX < 25 GeV (LRG) and 2 < MX < 40 GeV(LPS). They span the following xIP ranges: 0:0002 < xIP < 0:02 (LRG) and 0:002 <xIP < 0:1 (LPS). Both samples are orreted for bakground from double-di�rative eventsep ! eXN , in whih the proton also dissoiates into a low-mass state, N . The extrated2 The ZEUS measurements obtained with a third seletion method based on the analysis of the distri-bution of the hadroni-�nal-state mass (MX method) [25,26℄ were not inluded in the �ts as this datasample is highly statistially orrelated with the LRG sample.4



DPDFs hene orrespond to the single-di�rative reation ep ! eXp. Only inlusivedata with Q2 > 5 GeV2 were inluded in the �ts. In order to minimise overlap betweenthe two samples, LPS data with xIP < 0:02 were exluded from the �t. Redued rosssetions in bins of Q2, xIP and � were used. The total number of �tted data points was229 from the LRG sample and 36 from the LPS sample.The di�rative dijet sample in DIS [10℄ used in the �ts overs transverse energies EjetT >4 GeV and xIP < 0:03. Di�erential ross setions as a funtion of zobsIP , an estimator of z,in di�erent Q2 bins were used. The variable zobsIP was alulated as zobsIP = Q2+M2jjQ2+M2X , whereMjj is the invariant mass of the dijet system. This sample provided 28 additional points.The overlaps between the LRG and dijet samples and between the LPS and dijet samplesare small. Therefore, the three data sets were onsidered statistially independent. Thefollowing soures of orrelated systemati unertainties were onsidered:� LRG data: energy sale, reweighting of the simulation in xIP , variation of the en-ergy threshold on the most forward energy-ow objet and proton-dissoiation bak-ground [9℄;� LPS data: energy sale, reweighting of the simulation in xIP and t and proton-dissoiation bakground [9℄;� dijet data: energy sale and proton-dissoiation bakground [10℄.The energy sale was taken to be ommon for all the data sets. The normalisation uner-tainty due to the proton-dissoiation bakground was taken as fully orrelated betweenthe LRG and dijet samples.4 ResultsFits were performed to the data sets desribed in Setion 3.2. Two di�erent parame-terisations of the gluon density at the starting sale were used. This is summarised inTable 2.Two �ts were performed to the LRG+LPS data: `Standard', with Ag, Bg and Cg as freeparameters; `Constant', with Bg = Cg = 0. The orresponding sets of DPDFs are referredto as \ZEUS DPDF S" and \ZEUS DPDF C", respetively.Only data with Q2 > Q2min = 5 GeV2 ould be �tted within the ombined assumptions ofDGLAP evolution and proton-vertex fatorisation. The quality of the �t drops rapidlyfor Q2min < 5 GeV2, as shown in Fig. 1, where �2/ndf obtained for the �t ZEUS DPDF S,for statistial reasons restrited to the LRG data, is presented as a funtion of Q2min.Although the proton-vertex fatorisation assumption worked reasonably well at low Q25



for the LRG data [9℄, the ombination of this assumption with the DGLAP evolution inQ2 breaks down below Q2 of 5 GeV2. In ontrast, in fully inlusive DIS, DGLAP �ts wereperformed suessfully [18℄ down to Q2 of 2.5 GeV2.The results of the �ts are listed in Table 3. In the minimisation proedure, the �2 wasalulated using only the statistial and unorrelated systemati errors. The orrelatedsystemati unertainties were treated aording to the \o�set method" [18℄ and were in-luded in the determination of the full experimental unertainty. To evaluate the goodnessof the �t, the �2 shown in Table 3 was realulated by adding the statistial, unorrelatedand orrelated systemati errors in quadrature. The number of degrees of freedom in thisase orresponds to the number of �tted points.The inlusive data are sensitive to all three quark-related parameters, Aq, Bq and Cq.However, they show very little sensitivity to the gluon shape (Bg and Cg). This followsfrom FD(3)2 being diretly sensitive only to quarks. The values obtained for �IP (0), �IR(0)and AIR in all �ts are fully onsistent with those extrated from a �t [9℄ to the same databased on the proton-vertex fatorisation assumption of Eq. (4).Fits ZEUS DPDF C and S are of equally good quality and the predited redued rosssetions are indistinguishable. Figures 2{4 show �t S ompared to the LRG and LPS data.Both data samples are well desribed. For Q2 < 5 GeV2, the preditions are extrapolatedand underestimate the LRG as well as the LPS data for xIP < 0:005. The �t is above theLPS data in the low-� region, where there are no LRG data.The quark and gluon densities, zfq(z; Q2) and zfg(z; Q2), from �t S are shown with theirexperimental unertainties in the upper (lower) part of Fig. 5 for Q2 = 6, 20, 60 and 200GeV2. The DPDFs from �t C are also shown. The relative normalisation of the Pomeronux, fIP , and of the DPDFs, fi(z; Q2), in Eq. (4) is arbitrary; for Fig. 5 the normalisationwas hosen suh that at xIP = 0:003 the quantity xIPfIP (xIP ) = 1.The quark distributions are very similar for the two �ts while the gluon densities aresigni�antly di�erent. Gluons from �t S grow rapidly at high z, while those from �t Cvanish as z ! 1 in a smoother way. The large disrepany demonstrates the low sensitivityof the inlusive data to gluons. To onstrain the gluons better, a more exlusive proessis needed where photon-gluon fusion ontributes at leading order.Preditions based on ZEUS DPDF S and C are ompared to the double-di�erential di�ra-tive dijet ross setion [10℄ in Fig. 6. The unertainty due to the variation of the renor-malisation sale in the alulation between 0.5EjetT and 2EjetT is also shown. At high zobsIPthe preditions based on �t C give a good desription of the dijet data throughout thewhole kinemati region. This is not the ase for �t S. Figure 6 learly shows that the dijetdata are sensitive to the gluon density.A third �t was performed to the LRG+LPS data in ombination with the dijet data. The6



orresponding DPDFs are referred to as \ZEUS DPDF SJ" and the resulting parametersare also given in Table 3. This �t is indistinguishable from �t S when ompared to theinlusive data and also provides a remarkably good desription of the dijet data, as shownin Fig. 7.The quark and gluon densities from �t SJ are shown with their experimental unertaintiesin Fig. 8 for Q2 = 6, 20, 60 and 200 GeV2. The result of �t C is also shown for omparison.Again, the plotted quantities are zfq;g(z; Q2) with the normalisation xIPfIP (xIP ) = 1 atxIP = 0:003. The derease in the unertainty on the gluon distribution with respet tothe �t without jet data (Fig. 5) is learly seen. Combining the inlusive and dijet dataonstrains the gluon and the quark densities with a omparable preision aross the wholez range.Figure 9 shows the Q2 dependene of the fration of the longitudinal momentum of thedi�rative exhange arried by the gluons, gfra, aording to �t ZEUS DPDF SJ, inte-grated over the range 10�5 < z < 1. Over the wide range 5 < Q2 < 300 GeV2, thefration amounts to approximately 60%. The fall with Q2 is a diret onsequene of theDGLAP evolution whih fores gfra to approah � 0:5 at high Q2, while the slope hangeat Q = mb reets the hange in the number of avours from four to �ve.4.1 DPDF unertaintiesThe following soures of unertainties were investigated:� the starting sale Q20. The value 1:8 GeV2 was hosen as it minimises the �2. VaryingQ20 for �t C between 1.6 and 2 GeV2 yielded a �2 between 1.18 and 1.20; the DPDFsdid not hange signi�antly;� the �xed parameters in the �ts (Table 1). Variations within the measurement errorsresulted in a simple saling of the uxes integrated over t, absorbed into the normali-sation parameters Aq, Ag and AIR, with negligible e�et on the DPDFs;� the renormalisation sale dependene. The sale �R for dijet data was taken as 0.5EjetTand 2EjetT , whereas it was kept as Q for the inlusive data. The e�et on the partondensities was within 5% for light quarks, 15% for  and b and 30% for gluons, whilethe �2 inreased signi�antly;� the masses of the harm and beauty quarks. The nominal values of m = 1:35 GeV andmb = 4:3 GeV were varied in the ranges 1:35 < m < 1:75 GeV and 4:3 < mb < 5 GeV.Neither the quark nor gluon distributions were sensitive to variations of mb, whereasm produed an e�et omparable to the experimental unertainty. The �2 valuehanged only slightly, reahing the minimum at the nominal mass values.7



These theoretial unertainties are not shown in Figs. 5, 8 and 9. Given are the totalexperimental unertainties as determined with the o�set method [18℄.4.2 Comparison to other HERA DPDFsAn earlier ZEUS DPDF �t to inlusive di�rative measurements ombined with dataon harm prodution [27℄ did not inlude data points with values of � > 0:4. Also, inthe urrent analysis a far larger data sample is used. This previous analysis is thereforesuperseded by the results of the present paper.Several DPDF �ts are available from the H1 Collaboration, among whih the most reentare based on an inlusive di�rative sample [1℄ and on a ombination of data from inlusiveand di�rative dijets in DIS [2℄. In Fig. 10, the di�rative redued ross setions fromthe ZEUS LRG sample as a funtion of Q2 for �xed � and xIP are ompared to the �tZEUS DPDF SJ as well as to the preditions from \H1 2006 Fit B" [1℄. The latter,extrated for masses of the dissoiative system MN < 1:6 GeV, were multiplied by thesaling fator 0.81 [1℄ to aount for the orretion to the ZEUS elasti ase MN = mp.For Q2 < 5 GeV2 in the ZEUS ase and for Q2 < 8:5 GeV2 in the H1 ase, the �ts areextrapolated. For � < 0:2, the two �ts agree in shape throughout the �tted range, butthe normalisation of the ZEUS urve is above that of H1. At higher � and where thepreditions are extrapolated the agreement worsens. These features reet the degree ofonsisteny between the ZEUS and H1 data [28℄.4.3 Comparison to harm and dijet photoprodution dataPreditions from the �t ZEUS DPDF SJ are ompared in Fig. 11 to data [11℄ on theharm ontribution to the di�rative struture funtion multiplied by xIP , xIPFD(3)2 , forxIP of 0.004 and 0.02 and Q2 of 4 and 25 GeV2. The preditions are in fair agreementwith the data.Figures 12a and 13a show the predition from the �t ZEUS DPDF SJ ompared to thedi�rative dijet photoprodution data [12℄ as a funtion of xobs , the fration of the pho-ton energy invested in produing the dijet system, and of the tranverse energy EjetT ofthe leading jet, respetively. Dijet photoprodution at leading order in QCD proeedsthrough two type of proesses: diret proesses (xobs � 1), in whih the exhanged pho-ton interats as a point-like partile with the partons from the di�rative exhange; andresolved proesses (xobs < 1), in whih the photon behaves as a soure of partons whihinterat with the di�rative exhange. For the latter, as in hadron-hadron interations,QCD fatorisation is not expeted to hold [13℄. Comparing alulations based on DPDFs8



extrated from other di�rative proesses to di�rative dijet photoprodution data pro-vides a valuable test of QCD fatorisation. The preditions shown in Figs. 12a and 13a,obtained with the program of Klasen and Kramer [29℄, agree adequately with the dataover the whole xobs and EjetT ranges3. A further on�rmation is provided by Figs. 12b and13b, where the ratio of the data and the preditions is presented as a funtion of xobsand EjetT , respetively. The ratio is onsistent with unity. This reinfores the onlusionof an earlier ZEUS publiation [12℄, where the data were found to be ompatible with nosuppression either of the resolved omponent, or of both omponents globally. The slightnormalisation di�erene between the preditions shown here and those of the earlier ZEUSpubliation [12℄ is due to the usage of di�erent DPDFs (\H1 2006 Fit B"), extrated in a�xed-avour-number sheme.Also shown in Figs. 12 and 13 are the preditions from \H1 Fit 2007 Jets" [2℄, multipliedby the saling fator 0.81 [1℄ to aount for the orretion to MN = mp. They overlapwith the ZEUS preditions in the lowest EjetT and highest xobs bins. At high EjetT and lowxobs , the two preditions di�er by as muh as 20%.5 Summary and onlusionsZEUS di�rative inlusive ross-setion data, together with data on di�rative dijet pro-dution in DIS, have been used in a NLO DGLAP QCD analysis to determine the di�ra-tive parton distribution funtions. Only data with Q2 > 5 GeV2 ould be �tted within theombined framework of DGLAP evolution and proton-vertex fatorisation. The extratedDPDFs orrespond to the single-di�rative reation with a proton in the �nal state andare valid in the region jtj < 1 GeV2, MX > 2 GeV, xIP < 0:1.NLO QCD preditions based on di�rative parton densities extrated from the inlusivedata provide a good, simultaneous desription of the inlusive and dijet data. The quarkdensities are well onstrained by the inlusive data, whereas the sensitivity to the gluondensity dereases as the momentum fration z inreases.The inlusion of the dijet data provides an additional onstraint on the gluons, allowingthe determination of both the quark and gluon densities with good auray.Preditions based on the extrated parton densities give a fair desription of di�rativeharm prodution data; also, they are in good agreement with di�rative dijet photopro-dution ross setions over the whole kinemati region, thus indiating no suppression ofthe resolved omponent.3 The program of Frixione and Ridol� [30℄ was also used and gave the same results.9
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Parameter Fixed to Measurement Ref.�0IP 0 �0:01� 0:06(stat:)+0:04�0:08(syst:) � 0:04(model) GeV�2 [9℄�0IR 0:9 GeV�2 0:90� 0:10 GeV�2 [31℄BIP 7.0 GeV�2 7:1� 0:7(stat:)+1:4�0:7(syst:) GeV�2 [9℄BIR 2.0 GeV�2 2:0� 2:0 GeV�2 [31℄Table 1: The values of the parameters �xed in the �ts and the measurementsproviding this input.Fit name Data set zg(z)ZEUS DPDF S LRG + LPS Ag zBg(1� z)CgZEUS DPDF C LRG + LPS AgZEUS DPDF SJ LRG + LPS + DIS dijets Ag zBg(1� z)CgTable 2: Data sets used and parameterisation of the gluon density at the startingsale for the di�erent �ts.Parameter Fit value Fit value Fit valueDPDF S DPDF C DPDF SJAq 0.135 � 0.025 0.161 � 0.030 0.151 � 0.020Bq 1.34 � 0.05 1.25 � 0.03 1.23 � 0.04Cq 0.340 � 0.043 0.358 � 0.043 0.332 � 0.049Ag 0.131 � 0.035 0.434 � 0.074 0.301 � 0.025Bg �0:422 � 0:066 0 �0:161 � 0:051Cg �0:725 � 0:082 0 �0:232 � 0:058�IP (0) 1.12 � 0.02 1.11 � 0.02 1.11 � 0.02�IR(0) 0.732 � 0.031 0.668 � 0.040 0.699 � 0.043AIR 2.50 � 0.52 3.41 � 1.27 2.70 � 0.66�2/ndf 315/265 = 1.19 312/265 = 1.18 336/293 = 1.15Table 3: Parameters obtained with the di�erent �ts and their experimental un-ertainties.
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Figure 3: The �t ZEUS DPDF S ompared to the ZEUS LRG data [9℄ as afuntion of xIP for di�erent � and Q2 values at high Q2. Where visible, the innererror bars show the statistial unertainties and the full bars indiate the statistialand systemati unertainties added in quadrature.
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Figure 5: Four upper (lower) plots: the quark (gluon) distributions obtained from�ts ZEUS DPDF S (ontinuous line) and ZEUS DPDF C (dashed line), shownfor four di�erent values of Q2. The shaded error bands show the experimentalunertainty. 18
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Figure 8: Four upper (lower) plots: the quark (gluon) distributions obtained from�ts ZEUS DPDF SJ (ontinuous line) and ZEUS DPDF C (dashed line), shownfor four di�erent values of Q2. The shaded error bands show the experimentalunertainty. 21
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