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DESY 06-124 ISSN 0418-9833LPSC 06-056hep-ph/0608235Fatorization Breaking in Dijet Photoprodution with a LeadingNeutronM. Klasen1;2 and G. Kramer21 Laboratoire de Physique Subatomique et de Cosmologie, Universit�e Joseph Fourier/CNRS-IN2P3, 53 avenue des Martyrs,F-38026 Grenoble, Frane, e-mail: klasen�lps.in2p3.fr2 II. Institut f�ur Theoretishe Physik, Universit�at Hamburg, Luruper Chaussee 149, D-22761 Hamburg, GermanyDate: August 21, 2006Abstrat. The prodution of dijets with a leading neutron in ep-interations at HERA is alulated inleading order and next-to-leading order of perturbative QCD using a pion-exhange model. Di�erentialross setions for deep-inelasti sattering (DIS) and photoprodution are presented as a funtion of severalkinemati variables. By omparing the theoretial preditions for DIS dijets to reent H1 data, the pion uxfator together with the parton distribution funtions of the pion is determined. The dijet ross setions inphotoprodution show fatorization breaking if ompared to the H1 photoprodution data. The suppressionfator is S = 0:48 (0:64) for resolved (global) suppression.PACS. 12.38.Bx Perturbative QCD alulations { 13.60.-r Photon interations with hadrons1 IntrodutionIn reent years, the validity of QCD fatorization in hard di�rative sattering has beome an important issue experi-mentally and theoretially. Fatorization in hard di�ration means that the observed ross setions in hard di�rativeproesses an be alulated by a onvolution of di�rative parton distributions with parton-level ross setions. Hard-sattering fatorization has been proven by Collins [1℄ for inlusive di�rative deep-inelasti sattering (DIS), i.e. forthe di�rative struture funtions. It is supposed to be valid also for subproesses like jet prodution and heavy-quarkprodution in the DIS region. The proof of the fatorization formula also appears to be valid for the diret photo-prodution of jets and heavy quarks [1℄. Fatorization does not hold for hard proesses in di�rative hadron-hadron



2 M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutronsattering. Here, soft interations between the two hadrons, and their remnants, our in both the initial and �nalstate, whih prevents using the same steps as in the proof for di�rative DIS. Therefore, fatorization fails also forresolved photoprodution. The failure of fatorization in hadron-hadron sattering is observed experimentally [2℄. Theross setion for di�rative dijet prodution at CDF is suppressed relative to the predition based on di�rative partondistribution funtions (PDFs) from the H1 ollaboration [3℄ by one order of magnitude [2℄. The breaking of hard fator-ization in di�rative dijet photoprodution is also �rmly established by analyses of H1 [4℄ and ZEUS [5℄ experimentaldata. Whether these experimental data are onsistent with the breaking in the resolved omponent alone or whetherthis breaking ours also in the diret photoprodution ross setion is still not satisfatorily proven. It seems that thedata are better desribed by a global suppression of the diret and resolved ontribution by about a fator of two. Itis important to note that this suppression is only visible if the data are ompared to the next-to-leading order (NLO)QCD preditions as it was �rst shown by us in [6,7℄.Fatorization breaking is expeted not only in the di�rative region, xIP � 1, where xIP is the momentum frationtransferred to the exhanged partile in the t-hannel, but also at larger values of xIP , where Regge exhanges otherthan the pomeron our between the initial and �nal state proton. These seondary Regge-pole exhanges are notonly present for p ! p transitions but also in p ! n transitions, in whih pion exhange is strong. Therefore dijetphotoprodution with a leading neutron ould also be a andidate for fatorization breaking as was already suggestedin [6℄. Dijet photoprodution, e+ + p! e+ + n+ jet + jet +X 0, with pion exhange has been studied in leading order(LO) and NLO in [8℄ and ompared to ZEUS experimental data [9℄. Reently the H1 ollaboration has measuredthese dijet ross setions for photoprodution (Q2 < 0:01 GeV2) and DIS (Q2 > 2 GeV2) [10℄. The photoprodutionross setions were ompared to the NLO preditions of [8℄, and good agreement was found onerning the shape andnormalization of distributions for various kinemati variables similar to the omparison done in [8℄ to the ZEUS data.Neither in [8℄ nor in [10℄ the fatorization breaking of the dijet photoprodution ross setions has been investigated.This is diÆult, sine the breaking shows up dominantly in the normalization of the ross setions and to a muhlesser extent in the shape of the distributions.In the pion-exhange model, the normalization of the neutron-tagged ross setions depends �rst on the splittingfuntion of a proton into a pion and a neutron f�=p(xL; t). Here, xL and t are the two variables whih desribe theproton-neutron vertex. xL is the fration of the initial-state proton energy transferred to the neutron, and t is thesquare of the momentum transfer between the proton and neutron. Seond, the normalization depends on the partondistribution funtions of the pion, for whih several models exist in the literature [11℄.



M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutron 3The pion ux f�=p(xL; t) an, in priniple, be measured in harge-exhange proesses in soft hadroni reations,where an initial-state proton is transformed into a �nal-state neutron, p ! n, with small momentum transfer. Asuessful phenomenologial desription of the orresponding data has been given in the framework of reggeizedisovetor exhanges, suh as �; � and a2 with the pion dominating the p! n transition, in partiular at small squaredmomentum transfer t between proton and neutron [12℄. Unfortunately these ross setions are not given by pure Regge-exhange amplitudes. They are modi�ed by soft resattering of the inoming and outgoing hadrons, whih inuenesthe normalization of the ross setions, i.e. it leads to modi�ed ux fators f�=p(xL; t) due to the absorption of leadingneutrons and the ingoing protons, whih depends on xL and t. Suh orretions were studied some time ago by severalauthors [13℄.The pion PDFs are onstrained by di-muon and prompt-photon prodution data from �xed target experimentsthat are sensitive to the valene quark distribution in a Bjorken-x range relevant for dijet prodution on pions [11℄.Unfortunately, these onstraints are not very restritive so that the existing parameterizations [11℄ di�er in the relevantx-range, whih leads to appreiable di�erenes in the alulated dijet photoprodution ross setions [8℄.The most diret way to determine the ux fator times the struture funtion of the pion F �2 (x;Q2) is to measurethe inlusive DIS ross setion with a tagged neutron. On the basis of Collins' fatorization proof, we expet in thisase no absorptive interations. Suh ross setions for leading neutrons have been measured in ep-ollisions at HERA[14℄. Unfortunately these data have not been analyzed towards determining the PDFs of the pion, assuming a �xedansatz for the p! n vertex, as it has been done towards the PDFs of the pomeron from di�rative semi-inlusive rosssetions [3,15℄. Therefore we shall follow a di�erent route. Assuming one of the PDFs of the pion in the literature,for example those of Gl�uk, Reya and Vogt (GRV) [11℄, we determine the normalization of f�=p(xL; t) by omparingthe NLO dijet ross setions for Q2 > 2 GeV2 to the data of the H1 ollaboration [10℄. With this f�=p(xL; t) inonjuntion with GRV's pion PDFs, we have alulated the NLO dijet ross setion for photoprodution (Q2 ' 0) onthe basis of [8℄ and ompare them with the experimental results in [10℄. Here the experimental tagged neutron DISand photoprodution ross setions are obtained in a ommon analysis in the same region of the neutron kinemativariables. If we assume that the dijet prodution data in the DIS region are not inuened (or inuened very little)by absorptive orretions, i.e. have no (or only a very small) breaking of fatorization, then the failure of our NLOphotoprodution ross setions to desribe the orresponding data of [10℄ will give us the amount of fatorizationbreaking for photoprodution.In Setion 2, we shall desribe the alulation of the dijet ross setions with a leading neutron, together with thekinemati variables, and de�ne our input for the pion ux and the pion PDFs. The NLO ross setions are ompared
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Fig. 1. Generi Feynman diagrams for the sattering proess e+ p! e+ n+X (left) and for the prodution of two jets in theone-pion exhange model (right).to several measured DIS ross setions from [10℄, so that our assumptions onerning f�=p(xL; t) and the pion PDFsan be tested. Setion 3 ontains our results for the dijet ross setions in the Q2 ' 0 region and the omparison withthe experimental data of [10℄. On this basis we test also whether the fatorization breaking an be attributed to theresolved omponent alone. In Setion 4, we give a short summary and draw some onlusions.2 Dijet Cross Setions in DIS2.1 Kinemati Variables and InputThe event kinematis has already been desribed in [10℄. Here we reall the de�nition of those variables whih areneeded in the alulations of the ross setions. The reatione+(k) + p(P )! e+(k0) + n(P 0) +X(pX ); (1)where X is the hadroni system ontaining at least two jets, is haraterized by the four-momenta k and k0 of the initialand sattered positron and by P and P 0, the four-momenta of the ingoing proton and outgoing neutron, respetively,as skethed in Fig. 1 (left). The positron-photon vertex is desribed by the exhanged photon virtuality Q2 and thepositron's inelastiity y, Q2 = �q2 = �(k � k0)2 and y = PqPk : (2)



M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutron 5In the H1 experiment [10℄, 2 < Q2 < 80 GeV2 and 0:1 < y < 0:7 in the DIS region and Q2 < 10�2 GeV2 and0:3 < y < 0:65 for the photoprodution seletion. The protons at HERA have the energy Ep = 820 GeV and ollidewith Ee = 27:6 GeV positrons.The two variables, whih desribe the proton-neutron vertex, are the fration xL of the energy of the initial-stateproton Ep arried by the neutron and the square of the momentum transfer t between the proton and the produedneutron, xL = P 0qPq ' EnEp andt = (P � P 0)2 ' �p2TnxL � (1� xL)�m2nxL �m2p� ; (3)where En is the neutron energy, pTn is the momentum omponent of the neutron transverse to the diretion of theingoing proton, and mn and mp are the neutron and proton masses, respetively. xL and t are determined from themeasured energy and sattering angle of the leading neutron. In the H1 experiment En > 500 GeV and �n < 0:8 mrad.In the pion-exhange model, the photon interats with a pion emitted from the proton. In this model, the proesse++p! e++n+jet + jet+X 0 as skethed in Fig. 1 (right) is desribed by the variable x� , whih, negleting masses,is the fration of the four-momentum of the pion q0 = P �P 0 partiipating in the hard interation. It is related to xp,the fration of the four-momentum of the proton, whih enters the hard interation, by xp = x�(1�xL). xL is relatedto xIP introdued in Setion 1 in onnetion with di�rative jet prodution via xL = 1� xIP .In the sattering of 2! 2 massless partons, the frations of the four-momenta q = k�k0 and q0 = P�P 0 transferredto the partons are given by xjet = PjetsEjetT e��jet2yEe (4)and xjet� = PjetsEjetT e�jet2Ep(1� xL) ; (5)so that xjetp = Pjets EjetT e�jet2Ep : (6)The sums in Eqs. (4)-(6) run over the variables of the two jets in the �nal state. EjetT and �jet denote the transverseenergies and pseudorapidities in the laboratory system. Stritly speaking, Eq. (4) is orret only for photoprodution,where q2 ' 0, and furthermore q02 = 0. The energy fration ontributing by the exhanged virtual photon to theprodution of the dijets is xjet , whereas the orresponding ontribution of the virtual pion (or possibly of a reggeized� or a2) is xjet� . In Eq. (4), E = yEe is the energy of the ingoing virtual photon. In NLO, also three jets an be



6 M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutronprodued in the �nal state, but these ontributions have been removed from the theoretial predition in aordanewith the experimental analysis, whih ontains only an exlusive dijet sample (see below).As in the jet analysis of the experimental data [10℄, we use the one algorithm with radius R0 = 1 [16℄ forthe jet de�nition and the ombination of two partons into one jet in the NLO ontributions of the DIS and thephotoprodution sample. In our previous work [8℄, we had used the kT -luster algorithm instead. The jet �nding isperformed in the �p enter-of-mass frame with transverse energies de�ned relative to the � momentum axis. Thelaboratory pseudorapidity of eah jet is restrited to the region �1 < �jet < 2. The transverse energies of the twojets with the largest ET are onstrained to the region Ejet1T > 7 GeV and Ejet2T > 6 GeV for both the DIS and thephotoprodued jets in aordane with the requirement of asymmetri EjetT -uts [17℄. The alulated ross setions arerestrited to the seletion of exatly two jets, i.e. the rather small ontribution of three jets with Ejet3T > 6 GeV is notinluded as in the experimental seletion [10℄.For the prodution of dijets in the DIS region, we onsider only the ontribution of the diretly oupled �, althoughat Q2 as low as 2 GeV2 the resolved ontribution might be relevant [18℄. For the photoprodution of dijets we takeinto aount the diret and the resolved proess both in LO and NLO. The observable xjet is sensitive to the amountof diret and resolved proesses.In the pion-exhange model, the ross setion for �p sattering to the �nal state nX (see Eq. (1)) takes the formd�(�p! nX) = f�=p(xL; t) d�(��+ ! X); (7)where f�=p is the pion ux for the transition p! n+ �+ and d�(��+ ! X) stands for the ross setion of the hard�-�+ interation. The splitting funtion or pion ux is usually parameterized by di�erent forms. We hoosef�=p(xL; t) = 14� g2n�p4� �t(m2� � t)2 (1� xL)1�2��(t)[F (xL; t)℄2: (8)Here, gn�p is the oupling onstant of the n�p vertex, m� is the pion mass and ��(t) = �0(t � m2�) is the Reggetrajetory of the pion. F (xL; t) is a form fator, whih desribes the o�-shell behavior of the virtual pion and/orpossible �nal-state resattering e�ets of the neutron. We hoose the so-alled light-one form fatorF (xL; t) = exp[R2(t�m2�)=(1� xL)℄: (9)This hoie is usually assoiated with the ux without Regge trajetory fator, i.e. �0 = 0 in Eq. (8) [19℄. The pion-nuleon oupling onstant is known from low-energy �N and NN sattering data. We take g2n�p=4� = 2� 14:11 [20℄.Other hoies of F (xL; t) have been used in the literature. We onsider only the form in Eq. (9), sine it has been usedalso in [10℄.



M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutron 7Another important input are the PDFs of the pion. For this several hoies are available in the literature [11℄. Wehoose the parameterization of Gl�uk, Reya and Vogt (GRV) [11℄ whih was also hosen in [10℄. They provide PDFsin LO and NLO and also inlude the harm ontribution. For the alulation of the photoprodution ross setions weneed the PDFs of the photon for the resolved part. A popular parameterization is the one of Gl�uk, Reya and Vogt(GRV) [21℄ whih was also the hoie in [10℄. The �MS parameter, whih we need in the LO and NLO formulas for�s, is adjusted to the PDG 2006 edition [22℄ value for �s(mZ) = 0:1176. This yields for four avors �(4)MS = 0:118GeV in LO and �(4)MS = 0:307 GeV in NLO. Of ourse, our NLO preditions for DIS and photoprodution dijet rosssetions depend on this value. For the LO (NLO) preditions we use LO (NLO) hard sattering matrix elements withthe one-loop (two-loop) formula for �s and the �(4)MS values given above. Unfortunately, the �-values used for theevolution of the GRV pion and photon PDFs are somewhat di�erent, namely 0:200 GeV in LO and NLO. In thease of photoprodution, the photon ux is alulated with the usual Weizs�aker-Williams approximation inludingthe non-logarithmi orretions as alulated in [23℄. The renormalization and fatorization sales are equal to themaximum transverse energy of the outgoing jets. Now, all parameters and PDFs are spei�ed exept for the radiusR in the light-one form fator in Eq. (9). The value of this parameter will be �xed by omparison of the theoretialross setion in DIS dijet prodution with the data of [10℄, i.e. with the measured ross setions d�=dEjetT , d�=d�jet,d�=d log10(xjet� ), and d�=dQ2. In [10℄, the photoprodution dijet data have been desribed very well with the hoieR = 0:65 GeV�1.In addition to pion exhange, seondary Regge exhanges (as for example � and a2) are possible. Suh ontributionsould be disentangled by a areful study of the ux fator as a funtion of xL and t (or pTn). Suh data are not available.In [10℄, the neutron energy dependene of the DIS and photoprodution dijet events were measured. The unorreteddata were ompared to a pion-exhange model within a Monte Carlo simulation that inluded detetor e�ets. Thephotoprodution data are reasonably desribed in shape and magnitude, whereas the DIS data are reprodued quite wellin shape, but somewhat overestimated in magnitude. We take these results for a good indiation that pion-exhange isdominating over �- and a2-exhanges at least in the region of xL > 0:6. Sine additional �- and a2-exhanges inueneonly the p! n ux fator, this fator should be the same for the DIS and photoprodued dijets due to fatorization.2.2 DIS Dijet Cross SetionsThe alulations of the dijet ross setions in the DIS region have been performed with the NLO Monte Carlo programJETVIP [24℄. This program alulates jet ross setions in LO and NLO in DIS using the so-alled phase spaesliing method with an invariant mass ut-o� to anel the infrared and ollinear singularities. The program, originally



8 M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutrononstruted for jet prodution in �p interations, ould easily be modi�ed for our purpose to alulate jet rosssetions with a tagged neutron. The only hange is that the PDFs of the proton are replaed by the PDFs of the piontimes the pion ux.Sine the neutron kinematis is not �xed in detail by the experiment, we had to integrate over a �nite region inxL and t aording to Eqs. (3). We did this in aordane with the spei�ations of the H1 experimental analysis.Exept for the outgoing positron and the leading neutron, the �nal state onsists of two or three jets in addition to theremnant jet of the pion. The two-jet sample ontains the bare parton jets from the LO and virtual NLO ontributionsand the two jets originating from the reombination of two partons in the three-parton ontribution using the onealgorithm. Then we alulated the di�erential ross setion d2�=dETd�. where ET and � are the transverse energyand the rapidity of the jets in the two- or three-jet sample with Ejet1T > 7 GeV and Ejet2T > 6 GeV and Ejet3T < 6 GeV,i.e. from the three-jet sample the events with a hard jet with Ejet3T > 6 GeV are left out. This de�nes the exlusivedijet sample as in the analysis by H1 [10℄. The ross setion d�=dETd� was integrated over the region �1 < �jet1;2 < 2to yield d�=dET and integrated over ET with the asymmetri ET -ut de�ned above to give us d�=d�jet and similarlyfor d�=d log10(xjet� ) and d�=dQ2.The results for d�=dEjetT , d�=d�jet, d�=d log10(xjet� ) and d�=dQ2 are shown in Figs. 2a-d. In these �gures we haveplotted the experimental data from [10℄ and three theoretial preditions, in LO and NLO with R = 0:65 GeV�1and one in NLO with R = 0:55 GeV�1. For R = 0:55 GeV�1 we show also the sale variation in NLO by varyingthe sale in the interval �=2 to 2�. It is seen quite learly that the NLO predition with R = 0:65 GeV�1 does notdesribe the data, whereas the predition with R = 0:55 GeV�1 is in reasonable agreement with the measured rosssetions. We an quantify these statements by alulating the �2DF for the two ases. For R = 0:65 (0:55) GeV�1we get �2DF = 1:78 (0:78) for 24 degrees of freedom. We observe that the NLO orretions are very important in allfour distributions, as one an see by omparing the preditions for R = 0:65 GeV�1 in LO and NLO. Our theoretialpreditions will be modi�ed by hadroni orretions, whih stand for the di�erene between jets from hadrons, on whihthe measured ross setions rely, and jets built out of partons whih are the subjet of the theoretial preditions.Unfortunately these hadroni orretions, whih are usually obtained from Monte Carlo programs, whih simulate LOross setions with parton showering and parton-to-hadron transitions, are not available for the DIS dijet ross setionswith tagged neutrons. From experiene with suh ross setions with tagged protons, we know that these orretionsare of the order of 10�20% exept for the xjet -distribution, whih is very muh hanged by these orretions. Atually,d�=dx has also been measured in [10℄ for DIS dijets. Due to the sensitivity of this distribution to hadroni orretions,we did not onsider this ross setion suitable to give us the a trustworthy R-value.
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Fig. 2. Di�erential ross setions for deep-inelasti dijet prodution with a leading neutron. The H1 data are ompared toperturbative QCD preditions in LO and NLO and with two di�erent values for the pion-neutron radius R.3 Photoprodution Cross SetionsAs in [8℄, the alulation of the photoprodution ross setions is based on the formalism fully desribed in our previouswork [25℄. The ross setions whih we shall evaluate are the same as in the DIS ase desribed above. However, wenow inlude also d�=dxjet in order to see the ontribution of the resolved part in the region xjet < 1 more learly. In
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Fig. 3. Di�erential ross setions for dijet photoprodution with a leading neutron. The H1 data are ompared to perturbativeQCD preditions in LO and NLO and with two di�erent values for the pion-neutron radius R.the following we show the results for d�=dEjetT , d�=d�jet, d�=dxjet and d�=d log10(xjet� ) in Figs. 3a-d. In these �gures,four di�erent preditions are plotted and ompared with the data from [10℄. Three preditions are in NLO, one withthe radius R = 0:55 GeV�1, where hadroni orretions [10,26℄ are inluded, and two with R = 0:65 GeV�1 withand without hadroni orretions, and one is in LO with R = 0:65 GeV�1 without hadroni orretions. The LOpredition is far o� the experimental data showing that only NLO preditions are relevant and that the K-fator (K =



M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutron 11NLO/LO) is large. For the EjetT -distribution in Fig. 3a, the predition with R = 0:55 GeV�1, where the shaded bandgives the sale-dependene of the ross setions, lies always above the data points exept for the two largest ET -bins.The predition with R = 0:65 GeV�1 agrees muh better with the data in agreement with the results of [10℄. In [10℄the ross setions are somewhat smaller, sine there �s is smaller due to the hoie of a smaller �(4)MS value (0:200GeV). From this �gure, it is lear already that the radius R = 0:55 GeV�1 gives a bad desription of the H1 data anda reasonable agreement would be possible only for R � 0:65 GeV�1. This is seen even more learly in Figs. 3b,,d,where the �jet, xjet and log10(xjet� ) distributions are ompared to the measured ross setions in [10℄. The preditionslie above the data points, even if the theoretial error estimated by the sale dependene is taken into aount. Toreprodue the data in Figs. 3a-d a radius larger than R = 0:65 GeV�1 would be needed. However, the radius R = 0:55GeV�1 was �xed by the DIS dijet ross setions. Our results in Figs. 3a-d, when ompared to the photoprodutiondata of the H1 ollaboration, demonstrate that they an not be explained with the same pion ux plus pion PDFs.i.e. with R = 0:55 GeV�1. This shows us that fatorization breaking is present in photoprodution of dijets with aleading neutron with a breaking fator of S ' 0:6. This breaking fator hanges somewhat from ross setion to rosssetion and as a funtion of the kinemati variables.The details are shown in Figs. 4a-d, where we show the ratio H1 Data/Theory for the four ross setions withR = 0:55 GeV�1, with and without hadroni orretions. In addition to the ratios following from the results in Figs.3a-d, we show in Figs. 4a-d also another ratio, where the theoretial predition is again obtained with R = 0:55GeV�1 inluding hadroni orretions, but now with a suppression fator S = 0:48 applied to the resolved rosssetion together with the � sale-dependent part of the NLO orretions to the diret ross setion. Here, � isthe fatorization sale of the photon vertex. This additional suppression in the diret ross setion introdued in [27℄serves the purpose to eliminate the �-dependene of the sum of the diret and resolved ross setion. We see fromFigs. 4a-d that this ratio lies near to one if we take into aount the sale variation of the theoretial predition. Thexjet -distribution yields values for this ratio larger than one (exept for the last bin), whih overlap, however, with thesale variation band. It is known that the xjet -distribution su�ers from rather large hadroni orretions as seen forexample Fig. 3, where the orretion in the bin xjet 2 [0:6; 0:8℄ is as large as a fator of two.The two suppression fators, S ' 0:6 for the full diret and resolved ontributions or S = 0:48 for the resolvedand initial-state singular part of the diret ontribution, an be ompared with the suppression fator obtained in[28℄. In this work, the spetra of leading neutrons, both in photoprodution and in DIS, were studied and omparedto reent ZEUS experimental data [14℄. It was found that the photoprodution ross setion on the basis of thepion-exhange model agreed with the data if it was redued by a fator of about 0.4. This fator ould be quite well
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Fig. 4. Ratios of H1 Data over NLO QCD for dijet photoprodution with a leading neutron, with and without hadronizationorretions and inluding (full points/lines) a suppression fator S for the resolved omponent and its sale-dependent diretNLO ounterpart.



M. Klasen, G. Kramer: Fatorization Breaking in Dijet Photoprodution with a Leading Neutron 13explained by absorptive orretions to pion exhange and an be ompared with the suppression fator of 0.48 forthe resolved/diret-IS omponents. Furthermore, it must be emphasized that the absorptive orretions for the totalphotoprodution ross setion with a tagged neutron may di�er from the absorptive orretions for the prodution ofa pair of high-ET jets, even in the resolved ase.In Fig. 5, we show separately the EjetT -distribution as measured by the H1 ollaboration and ompare it to theoretialNLO QCD preditions inluding hadronization orretions and using the radius R = 0:55 GeV�1. In the full histogram,we test the hypothesis of suppressing only the resolved (and diret initial-state) ontributions with a fator S = 0:48and obtain quite a reasonable value of �2DF = 1:2. The shaded band indiates again the theoretial unertainty omingfrom simultaneous variation of the renormalization and fatorization sales by a fator of two around the entral sale.It overlaps with the experimental error bars in all but the highest two bins, whose preision is obviously limited bystatistis. In ontrast, the dashed histogram tests the hypothesis of suppressing all diret and resolved ontributionswith a �tted fator S = 0:64, as proposed in the H1 analysis of di�rative dijet photoprodution, leading to a highervalue of �2DF = 1:7.We take this as an indiation that the �rst hypothesis desribes this most robust (and exponentiallyfalling) distribution better.Finally, we wish to omment on our earlier analysis [8℄ of the photoprodution dijet ross setions as measuredby the ZEUS ollaboration several years ago [9℄. At this time, data on dijets with tagged neutrons in DIS were notavailable. Therefore, we �tted the pion-neutron radius R of the light-one form fator to the ZEUS data with theresult R = 0:5 GeV�1. As shown in this work, the H1 photoprodution data [10℄ are badly desribed with this radius.The reason for this mismath is the fat that in [8℄ we have hosen di�erent parameterizations of the pion PDFs,i.e. SMRS versus GRV [11℄, and of the photon PDFs, i.e. GS96 [29℄ versus GRV [21℄. In partiular, the hoie of thepion PDFs has a strong inuene on the absolute value of the ross setion (see for example Fig. 3 in [8℄). The ZEUSollaboration demonstrated in 2002 [14℄ that the shape of their measured F �2 distribution agrees quite well with theGRV parameterization and muh less with SMRS. Furthermore, the normalization of the theoretial dijet ross setionwas inuened by the hoie of the di�erene in the ET -uts for the two jets, whih was set to zero in the analysis ofthe experimental data.4 ConlusionIn Summary,we have performed a omprehensive NLO QCD analyis of dijet prodution with a leading neutron in bothdeep-inelasti sattering and photoprodution. We emphasized the question whether fatorization breaking ours notonly in di�rative photoprodution, but also in photoprodution with p ! n transitions. Assuming that the latter
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