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AbstratMeasurements of the di�rative struture funtion, FD2 , of the proton atHERA are used to extrat the partoni struture of the Pomeron. ReggeFatorization is tested and is found to desribe well the existing data withinthe seleted kinemati range. The analysis is based on the next to leadingorder QCD evolution equations. The results obtained from various data setsare ompared. An analysis of the unertainties in determining the partondistributions is provided. The probability of di�ration is alulated usingthe obtained results.
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1 IntrodutionA large fration (about 10%) of deep inelasti sattering (DIS) events inep interations at the HERA ollider, have all the harateristis typial ofdi�rative sattering (see Fig. 1). In these events the proton remains intatand loses very little momentum. One of the most important experimen-tal harateristi of di�rative events at high energy is a large rapidity gapbetween the proton and the system X.
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Figure 1: Diagram of a di�rative single dissoiation event at HERA.Theoretially, di�ration an be desribed by the exhange of a olorlessobjet with vauum quantum numbers between the interating partiles, thevirtual photon and the proton in ase of DIS. In soft interations, where asmall fration of energy is exhanged, this olorless objet is identi�ed as thePomeron.The notion of the Pomeron omes from Regge theory of strong intera-tions [1℄. The Pomeron was �rst introdued by Gribov [2℄ and representsa universal trajetory with the quantum numbers of the vauum. In thelanguage of Quantum Chromodynamis, the andidate for vauum exhangewith properties similar to the soft Pomeron is two gluon exhange [6℄. Asa result of interations between the two gluons, a ladder struture develops.However in perturbative QCD, the properties of this ladder depend on theenergy and sales involved in the interations, implying its non universalharater. 4



There is no strit theory for di�rative sattering. Within the Ingelmanand Shlein model[5℄, di�rative proesses are assumed to proeed in twosteps. First the Pomeron is emitted from the proton. In the seond step itinterats with a probe partile. As with ordinary DIS, a QCD fatorizationtheorem has been proven to hold [7℄ also for di�rative proesses initiated bya lepton beam. This view allows to use Regge theory to desribe Pomeronpropagation and to use QCD fatorization in order to desribe the interationbetween the Pomeron and the probe partile. The obtained parton distribu-tion funtions satisfy the usual DGLAP [17, 18, 19℄ evolution equations.Ingelman and Shlein [5℄ were the �rst to propose to probe the Pomeronstruture in hard sattering proesses. In their paper they investigatedproton-antiproton interations at the CERN SPS ollider. They also men-tioned the experimental signature of di�ration - the existene of large ra-pidity gap.It is not simple to de�ne what is meant by a di�rative event. One hasto be sure that the event was produed in a proess where vauum quantumnumbers were exhanged. In high energy interations, the learest de�nitionof a di�rative proess is one where a large rapidity gap was produed whihis not exponentially suppressed [20℄. However, this de�nition is not alwayspratial for the experimental seletion of di�rative events.In the last 10 years a large amount of di�rative data was aumulatedat the HERA ollider [8, 9, 10℄. There are three methods used at HERAto selet di�rative events. One [10℄ uses the Leading Proton Spetrometer(LPS) to detet the sattered proton and by hoosing the kinemati regionwhere the sattered proton looses very little of its initial longitudinal energy,it ensures that the event was di�rative. A seond method [9℄ simply requesta large rapidity gap (LRG) in the event and �ts the data to ontributionsoming from Pomeron and Reggeon exhange. The third method [8℄ uses thedistribution of the mass of the hadroni system seen in the detetor, MX ,to isolate di�rative events. We will refer to these three as ZEUS LPS, H1and ZUES FPC1 methods. We will disuss in the data seletion setion theimpliations of these three di�erent methods on the results.The experiments [11, 12, 13℄ provide sets of results for inlusive di�ra-tive struture funtion, xIPFD(3)2 , in di�erent regions of phase spae. Thegeneral approah in analyzing these di�rative data is to parameterize the-oretial model with some set of free parameters. Then the best values ofthese parameters an be obtained by �tting the model to the experimentaldata. In previous works, di�erent data sets were analyzed and �ts to themwere provided. However no systemati omparison of di�erent data sets was1A Forward Plug Calorimeter (FPC) is used in this analysis5



done. Moreover, the longitudinal struture funtion was always negleted.Most �ts were based on the Regge fatorization assumption (x2.7) with dif-ferent parameterizations of the initial Pomeron parton distribution funtions(PDF).In the present study, Regge fatorization is tested. New �ts are providedand inlude the ontribution of the longitudinal struture funtion. Theobtained PDFs are systematially analyzed. A omparison of the di�erentexperimental data sets is provided. Additional quantities derived from the�t results are also presented.
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2 Theoretial Framework2.1 Deep Inelasti SatteringGeneral DIS events are of the following form:l(k) + p(P )! l(k0) +X: (1)At the HERA ollider ep sattering is studied. The dominant proesses atrelatively small momentum transfer at the lepton vertex (Q2 � M2Z) arethose where a virtual photon (�) is exhanged (see �g. 2).The kinemati variables whih are ommonly used in the desription of DIS
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P(p)Figure 2: The dominant DIS proess at the HERA ollider. The exhangedpartile is a virtual photon (�). H(p + q) represents outgoing hadrons oftotal four-momentum p+ q.events are, Q2 � �(k � k0)2 ; (2)W 2 � (p + q)2 ; (3)s � (p + k)2 ; (4)x � Q22p � q ; (5)y � p � qp � k = Q2sx : (6)
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Where� Q2 is the negative four momentum transfer squared from the eletron,� W is the enter of mass energy of the virtual photon-proton system,� s is the enter of mass energy squared of the eletron-proton system,� x an be interpreted as the fration of the proton four momentumarried by the struk quark and� y, whih in the proton rest frame is the fration of the eletron energytransferred to the proton.2.2 Di�ration and the PomeronThe di�rative events are a subset of DIS events. These events are harater-ized by an outgoing proton that arries a large fration (> 0:9) of the initialproton momentum. The other produts of the reation are separated fromthe proton by a large rapidity gap (LRG), see x3.1.The di�rative proesses studied at HERA are of the form (see �g. 1):e(k) + p(p)! e(k0) + p0(p0) +X: (7)This type of proesses is also alled single di�rative dissoiation. A diagramfor di�rative sattering is presented in Fig. 3.Aording to the Ingelman and Shlein model [5℄ the di�rative proess(7) an be deomposed into two parts. The �rst part is an emission of someobjet by the proton and the seond one is the deep inelasti sattering ofvirtual photon, emitted by the eletron, o� suh an objet.Then the interation of virtual photon with the proton an be written as,� + p IP�! X + p: (8)If the momentum fration arried by the exhanged objet is less than 1%of the proton momentum (in the in�nite momentum frame) we onsider thisto be largely due to Pomeron exhange. The Pomeron has vauum quantumnumbers (in partiular it must be olorless).The interation between an energeti virtual photon and the Pomeronan be desribed by perturbative QCD. On the other hand the kinematibehavior of the Pomeron and the proton-Pomeron oupling lies in the non-perturbative region. It is assumed to be desribed by Regge Theory (x2.6).In order to use Regge theory with perturbative QCD - Regge fatorization(x2.7) is assumed. 8
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Figure 3: Shemati diagram for di�rative DIS in ep interations.QCD fatorization theorem allows us to represent di�rative ross setionin terms of di�rative parton distribution funtions (See x2.5). Combiningthis with Regge fatorization allows us to introdue Pomeron parton distri-bution funtions (x2.8). Then we an use the regular QCD DIS formalism(x2.3) in order to evaluate the �IP vertex.The X system, from proesses (8), has a limited mass ompared to theoverall available energy. It may onsist of a set of hadrons in whih ase itis alled inlusive di�ration, but it may also onsist of a single hadron. Inthe latter ase the hadron must arry the quantum numbers of the photonas do the vetor mesons. The orresponding proess is alled exlusive vetormeson eletro-prodution.In the urrent work we will study the struture and properties of thePomeron by analyzing inlusive di�ration data from the HERA ollider.Three additional variables are used to desribe di�rative proesses. Thet variable represents the hange in the proton four momentum squared as aresult of the interation, t � (p� p0)2 : (9)In this study we are working in the Breit (in�nite momentum) frame. Thereare two variables that desribe the Pomeron in this approah. The �rst is xIP(Eq. (10)) whih is equal to the fration of the proton momentum arried bythe Pomeron. The seond one is � (Eq. (11)) whih represents the frationof the Pomeron momentum arried by the struk quark. This variable is9



equivalent to the Bjorken variable x but relative to the target Pomeron.xIP = q(p� p0)q � p = M2X +Q2 � tW 2 +Q2 �m2P � M2X +Q2W 2 +Q2 ; (10)� = Q22q � (p� p0) = Q2M2X +Q2 � t � Q2M2X +Q2 : (11)The following relation holds: x = xIP�: (12)The physial meaning of the variables is shown in �g. 3.2.3 DIS FormalismIn this setion the general formalism of DIS will be disussed. Considerep deep inelasti sattering in a region where � exhange dominates. Itsross setion an be expressed using the usual dimensionless variables in thefollowing way:d2�dx dy = 4��2sQ4 �y22 2xF1(x;Q2) + (1� y)F2(x;Q2)� : (13)The struture funtions F1 and F2 are proess dependent. In the quarkparton model (QPM) the nuleon is believed to onsist of almost free partons(quarks and gluons). QCD fatorization theorem states that the ross setionfor lepton nuleon at large Q2 an be represented as an inoherent sum oflepton quark interations, d2�epdx dy =Xq d2�eqdx dy ; (14)where q denotes all quark avors in the proton. In the leading order ofperturbative QCD, the struture funtions an be expressed as,F1(x) = 12Xi q2i fi(x); (15)F2(x) =Xi xq2i fi(x) ; (16)where qi stands for the harge of the i-th quark, expressed in units of theeletron harge. Then the Callan-Gross relation should hold,2xF1 = F2: (17)10



In QCD, partons interat through the exhange of gluons and so the partondistribution funtions beome Q2 dependent. To inorporate these inter-ations orretly to order �S in the perturbation expansion the followingproesses must be onsidered,i. gluon bremsstrahlung diagrams,ii. quark pair prodution by gluon,iii. ggg oupling.The so alled DGLAP evolution equations [17, 18, 19℄ provide the meh-anism of inorporating suh proesses into the DIS piture. These equationsdesribe the evolution of parton density funtions with Q2,dqi(x;Q2)d logQ2 = �S2� Z 1x dyy �qi(y;Q2)Pqq �xy� + g(y;Q2)Pqg �xy��℄; ; (18)dgi(x;Q2)d logQ2 = �S2� Z 1x dyy "Xi qi(y;Q2)Pgq �xy� + g(y;Q2)Pgg �xy�# : (19)In addition, the emission of non ollinear gluons by quarks will induean appearane of a non-vanishing longitudinal ross setion - �L. This leadsto a violation of the Callan-Gross relation, whih an be quanti�ed by thelongitudinal struture funtion de�ned asFL = F2 � 2xF1: (20)2.4 Di�rative DIS formalismIn an analog to Eq. (13), the di�rative ross setion an be written asd2�Ddx dy = 4��2sQ4 �y22 2xFD1 (x;Q2) + (1� y)FD2 (x;Q2)� : (21)To desribe general di�rative DIS events we need two more variables, xIP andt, in addition to the usual x and Q2 in the ross setion formula. Then usingeqs. (20) and (21), the four-fold di�erential ross setion for ep satteringan be written asd4�DdxIP dt dx dQ2 = 4��2xQ2 ��1� y + y22 �FD(4)2 (x;Q2; xIP ; t)�y22 FD(4)L (x;Q2; xIP ; t)� : (22)11



The relation x = xIP� allows to use any pair of x, xIP or � with Q2 and t inorder to uniquely desribe di�rative events. It is ommonly aepted to usethe basis of xIP and �. In the latter ase, the di�erential ross setion willlook like d4�DdxIP dt d� dQ2 = 4��2�Q2 ��1� y + y22 �FD(4)2 (�;Q2; xIP ; t)�y22 FD(4)L (�;Q2; xIP ; t)� : (23)Let us introdue also the redued ross setion, �Dr ,d4�DdxIP dt d� dQ2 = 4��2�Q4 �1� y + y22 � �D(4)r (xIP ; t ; �; Q2): (24)From Eq. (24) it follows that,�D(4)r = FD(4)2 � y22(1� y + y2=2)FD(4)L : (25)Two quantitative onlusions an be made,� FD(4)L a�ets �D(4)r at high y,� if FD(4)L = 0 then �D(4)r = FD(4)2 .Most of the time we will work with di�erential ross setions and struturefuntions integrated over t,AD(3) = Z dtAD(4); (26)thus xIP�D(3)r = xIPFD(3)2 � y22(1� y + y2=2)xIPFD(3)L : (27)In the experiment, the values of �Dr are measured. In order to get the value ofFDL , the beam energy must be hanged. So far it has not be done and thus FD2and FDL an not be measured independently. Experimentalists often assumethat the inuene of the longitudinal struture funtion is negligible. In theurrent study suh an assumption was not made and we onsider that thevalue of xIPFD(3)2 as provided by the experimentalists atually orresponds tothat of xIP�D(3)r (see Eq. (27)). 12



2.5 Di�rative parton distributionsJ.Collins [23℄ proved that QCD Fatorization theorem holds for di�rativeproesses. Then the ross setion di�erential in the relevant variables an bewritten in the form[24℄,d� =Xi Z d� f (D)i (�; xIP ; t;�)d�̂i; (28)where,� the index i is the avor of the struk parton,� the variable � � � is the frational light-front momentum of the strukparton relative to the Pomeron, and t and xIP have their usual de�ni-tions,� the hard-sattering oeÆients d�̂ are perturbatively alulable and arethe same as for the orresponding fully inlusive ross setions,� the renormalization/fatorization sale � should be of order Q.The di�rative parton distribution funtion f (D)i is to be interpreted as thenumber density of partons onditional on the observation of a di�rativeproton in the �nal state. This formula obeys the standard DGLAP evolutionequation for its � dependene with the same kernels as for the fully inlusiveparton distribution funtions (pdfs). For a �xed value of xIP , the evolutionin x and Q2 is equivalent to the evolution in � and Q2. The proof of thefatorization formula is valid for the diret photoprodution of jets, heavyquarks, et. However this formula fails for hadron-hadron sattering.Aording to Eq. (28), FD2 an be also deomposed into di�rative partondistributions, fDi , in a way similar to the inlusive F2,d2FD2 (x;Q2; xIP ; t)dxIP dt =Xi Z d� d2fDi (�; xIP ; t;�)dxIP dt F̂2;i(�; Q2;�); (29)where F̂2;i is the universal struture funtion for DIS on parton i.An additional quantity that an be de�ned is the probability of di�rationfor the ation of the hard probe whih ouples to a parton i [25℄,PDi (x;Q2) = R f (D)i (�;Q2; xIP ; t) Æ(x� xIP�)dtdxIPd�fi(x;Q2) (30)13



= R 1xIP f (D)i � xxIP ; Q2; xIP ; t� dtdxIPfi(x;Q2)= R 1�f (D)i ��;Q2; x� ; t� dtd�fi(x;Q2) :If the interation in the gluon setor at small x reahes a strength lose tothe unitarity limit then Pg is expeted to be lose to 1=2 and be muh largerthan Pq.2.6 Regge Theory
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l = �(t). This trajetory has the property that for any partile i within thesame group { �(m2i ) = Ji, where Ji is the spin of the partile. In �g. 4 traje-tories for di�erent set of hadrons are presented. Now it is ommonly aeptedthat all hadrons behave in suh way. Moreover most of Regge trajetoriesan be desribed as lines in the (J; t) plane and an be parameterized by�(t) = �0 + �0t.In Quantum �eld theory, interations are represented by partile ex-hange. In QED these partiles are photons, for weak interations thereare weak bosons (W� and Z), and for QCD this role is played by gluons. Todesribe strong interations of hadrons it is useful to onsider an exhange notof single partile, but of a whole trajetory. In Regge theory the satteringamplitude is given by A(s; t) � s�(t); (31)where s and t are regular Mandelstam variables (See Eq. (4) and Eq. (9)).We assume that the Pomeron is suh a Regge trajetory and it is om-monly parameterized as �IP (t) = �IP (0) + �0IP t: (32)From Eq. (31) and Eq. (32) follows that the total hadron-hadron ross setion,in the ase when the Pomeronis the dominant trajetory, is�tot(ab) � s�IP (0)�1: (33)Then, using the optial theorem, an expression for the elasti ross setion,�el, an be derived,d�eldt (ab! ab) = �2tot(ab)16� e2(bel0 +�0IP ln s)t: (34)The expression for the ross setion of the di�rative sattering, �D, an beobtain by applying Mueller's generalization of the optial theorem [28℄. Thisgeneralization relates the total ross setion of two body sattering with theimaginary part of the forward elasti amplitude, to the ase of three bodysattering.d2�Ddt dM2X (ab! Xb) � 1M2X � sM2X�2(�IP (0)�1) e2 bD0 +�0IP ln sM2x !t: (35)The universality of the Pomeron parameterization (Eq. (32)) has beenpointed out by Donnahie and Landsho�. The value of �IP (0) = 1:081 [14℄15



and �0IP = 0:25GeV�2 [15℄ were derived based on total hadron-proton intera-tion ross setions and elasti proton-proton data. Reently the IP interepthas been reevaluated leading to a value of �IP (0) = 1:096� 0:03 [21℄.In the present analysis the universality of the Pomeron is not assumedand thus �IP is treated as a free parameter whih best desribes the data.2.7 Regge fatorizationAssuming that an interation is due to the Pomeron exhange we an writeFD(4)2 = N16� j�p IP (t)j2x1�2�IP (t)IP F IP2 (xIP ; t ; �; Q2) : (36)Here �p IP (t) represents the Pomeron-proton oupling. It may be obtainedfrom �ts to elasti hadron-hadron ross setion at small t,�p IP (t) = 4:6mb1=2e1:9GeV �2t: (37)x1�2�IP (t)IP an be treated as the Pomeron propagator.N is a normalization fator. In general its value is arbitrary as thePomeron is not a real partile. However if one wishes to impose the mo-mentum sum rule,Xi Z 10 xqi(x)dx + Z 10 xg(x)dx = 1; (38)then the value of N is important. If one does not are about this rule thenthe hoie of N will result in an overall normalization of Pomeron partondistribution funtions. Ingelman and Shlein[5℄ use N = 1, while Donnahieand Landsho� [16℄ use N = 2� . We will follow the latter value of this onstantwithout imposing any overall normalization.Regge fatorization states thatF IP2 (xIP ; t ; �; Q2) = F IP2 (�;Q2): (39)Thus F IP2 (�;Q2) an be treated as the Pomeron struture funtion. To sim-plify expressions we will introdue the Pomeron ux fator,fIP=p(xIP ; t) = N16� j�p IP (t)j2x1�2�IP (t)IP : (40)Then di�rative struture funtions beome,FD(4)2 (xIP ; t ; �; Q2) = fIP=p(xIP ; t)F IP2 (�; Q2); (41)FD(4)1 (xIP ; t ; �; Q2) = fIP=p(xIP ; t) 1xIP F IP1 (�; Q2); (42)FD(4)L (xIP ; t ; �; Q2) = fIP=p(xIP ; t)F IPL (�; Q2): (43)16



2.8 Pomeron struture funtions and PDFsIn the Ingelman-Shlein model it is assumed that the struture funtions ofthe Pomeron are de�ned in exatly the same way as the struture funtionsof the proton. This is equivalent to using QCD fatorization for di�rationtogether with the assumption of validity of Regge Fatorization. Using thisassumption we an write,fDq;g(xIP ; Q2; �) = fIP=P (xIP )fq;g=IP(Q2; �): (44)This allows to alulate the Pomeron struture funtions in terms of thePomeron parton distribution funtions. In order to obtain the Pomeron pdfsat any Q2 we an guess it at some initial sale, Q2ini, and then evolve it usingregular DGLAP evolution equations.It is well established from onventional Regge phenomenology that thePomeron is self-harge-onjugate and isosalar. This implies some onstraintson the Pomeron pdfs.� the density of any avor of anti-quark is equal to the density of theorresponding quark, fq=IP (x) = f�q=IP (x); (45)� the densities of the up and down quarks and antiquarks are equal,fu=IP (x) = fd=IP (x) = f�u=IP (x) = f �d=IP (x) = fq=IP (x): (46)In the massless sheme it is assumed that,fq(x;Q2) = 0 for Q2 < 4m2q: (47)Above this threshold, the quark is assumed to be massless.In that sheme at an initial sale of Q2ini = 3GeV2 only 3 quarks appear.The heavy quarks (harm and bottom) are generally onsidered heavy enoughso that their densities an be orretly generated dynamially, by evolutionfrom the known light parton and gluon densities.There are di�erent approahes to de�ne the initial strange quark density.One approah is to set it to 0 at the initial sale [26℄. Another possibility isto set fs=IP (x) = fu=IP (x). In general the strange quark density an be de�nedas, fs=IP (x) = sfu=IP (x); (48)where s is a suppression fator (0 � s � 1). Often it is hosen to be s = 0:3[27℄. In the urrent work we will assume that the s = 0 [26℄.To a good �rst approximation there are only two parton densities to startwith: the gluon density, fg=IP , and the quark density, fq=IP .17



3 Experimental Data3.1 Signatures of Di�rationIn general in di�rative proesses (7), where the target preserves its identity,the square of the momentum transfer t tends to be limited [4℄. At highenergy, the kinematis of produing two low mass outgoing states (X and p)with a small fration of momentum exhanged between them leads to a largerapidity gap (LRG), (see �g. 5 taken from [22℄).
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Figure 5: Shemati representation of rapidity (y) distribution for singledi�ration events.To estimate LRG lets assume that t = 0 (for the real events jtj < 2GeV2,so it is a good assumption). Then in the enter of mass system of �p,the outgoing proton and the system X move in opposite diretions, withlongitudinal momentum pL � W=2. The rapidities of the proton and thesystem X are respetively:yP = 12 ln EP+pLEP�pL � 12 lnW 2m2P (49)yX = 12 ln EX+pLEX�pL � �12 ln W 2M2X (50)Consequentially, the rapidity gap between the proton and system X is:�y = yP � yX � ln W 2mPMX (51)For typial values W = 200GeV and MX = 20GeV we get for the rapiditygap �y � 7:7. But the system X dissoiates into hadrons that will span intosome region of �y � lnMX � 3. So we an onlude that the separationbetween the proton and fragments of the X system will be in this ase atleast 4 units of rapidity. In the general ase, this value an be smaller than4, but still a rapidity gap of �y > 2 is observed.18



3.2 Proton DissoiationThere are also proesses, where the outgoing proton does not remain intatand also dissoiates into some system Y ,� p IP�! X Y: (52)This type of events orresponds to di�rative double dissoiation (see�g. 6). If the Y system has low mass then a LRG between X and Y systemsis still observed. Very often it is impossible to determine exatly whetherproton dissoiation ourred or not. Some onstraints on MY an be set,and are presented in the next paragraph.
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Figure 6: Typial di�rative double dissoiation event at HERA.If the proton broke up then one annot be sure that the exhanged ob-jet had vauum quantum numbers. In addition a simple desription of theproton-Pomeron vertex is no longer orret.To get a pure sample for the study of the partoni struture of thePomeron it is neessary to exlude proton dissoiation events. Sometimesthe seletion is obvious - when you see in the detetor remnants of the sys-tem Y , but there are ases when MY and t are so small that the outgoingproton or the Y system annot be seen in the detetor. In the latter ase,appropriate orretions must be made.19



3.3 HERA dataOur study is based on the experimental results of xIPFD(3)2 whih were ob-tained by the H1 and the ZEUS experiments, running at the HERA ollider.In order to obtain the di�rative ross setion, an initial seletion of di�ra-tive events must be done. Di�erent experimental groups use di�erent teh-niques to selet di�rative events. There are three methods used at HERA.events. One [13℄ uses the Leading Proton Spetrometer (LPS) to detet thesattered proton and by hoosing the kinemati region where the satteredproton looses very little of its initial longitudinal energy, it ensures that theevent was di�rative. A seond method [12℄ simply requests a large rapid-ity gap (LRG) in the event and �ts the data to ontributions oming fromPomeron and Reggeon exhange. The third method [11℄ uses the distribu-tion of the mass of the hadroni system seen in the detetor, MX , to isolatedi�rative events. We will refer to these three as ZEUS LPS, H1 and ZEUSFPC methods, respetively. The data obtained using these methods weretreated independently.The di�rative struture funtion and the kinemati range eah methodovers, are presented in the Appendix x9 as well as the �gures 35 - 38 whihshow the kinemati range overed by the di�erent experiments in (Q2�xIP ),(Q2 � x), (Q2 � �) and (Q2 �MX) planes, orrespondingly. Inluded in theAppendix x9 are tables 2, 3, 4 ontaining the measured di�rative struturefuntions obtained with eah of the three methods.In order to ompare three approahes we must have in mind the followingissues:� The ZEUS LPS allows to measure the proton diretly. However it haslow geometrial aeptane whih leads to a low statistis.� In the ase of ZEUS FPC and H1 methods the proton goes down thebeam pipe and annot be measured diretly. In the latter ase fewdiÆulties appear.i. One annot be sure that the proton, that went down the beampipe, indeed remained intat and did not dissoiate. Detetorstruture and kinematis provide only an upper limit for massesof the state that went down the beam pipe. For the H1 detetorthis value is 1:6GeV while for the ZEUS detetor it is 2:3GeV.To overome this problem appropriate orretions, based on sometheoretial assumptions, must be introdued.ii. LRGs an be also observed for non-di�rative events. They areexponentially suppressed. For small values of MX their ontribu-20



tion is negligible, but beomes important for large masses. Non-di�rative events must be removed from the di�rative sample.iii. Some hadrons from theX system may also go down the beam pipe.In that ase the observed rapidity gap and the reonstruted massMX are not orret. In order to avoid this problem the seletionon the basis of the visible rapidity gap between �nal state hadronsand beam pipe must be done.� The ZEUS LPS and H1 methods selet events whih also inlude someontributions oming from Reggeon exhanges [31℄. These ontribu-tions an be removed by applying xIP < 0:01 ut, as disussed in x4.1.The ZEUS FPC(Mass Deomposition) method whih subtrats the ex-ponentially suppressed large rapidity gap events, in priniple removesthe Reggeon ontribution and is left only with the proton dissoiativebakground. The latter an not be removed for masses below 2.3 GeV,whih amount to about 30% of the seleted di�rative events [11℄.All the points mentioned above are handled by making appropriate uts(x4). Thus the main di�erene arises from the di�erene in methods used byexperimental groups in seleting di�rative events. Di�erent sensitivity tothe proton dissoiation produes some inompatibility between the H1 andthe ZEUS data.The H1 and ZEUS FPC data do not ontain many points with big valueof xIP (See Fig. 35). The reason for this is the restrition on the rapidity gap.When the proton is not seen in the detetor a minimal rapidity is requiredfor the remains of the X system to identify a di�rative event.One tehnial issue must also be mentioned. The H1 and the ZEUSLPS data are presented in bins of Q2 and �, while the ZEUS FPC data arepresented in bins of Q2 and MX .
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4 Data SeletionTo test our model we need to selet the data appropriately. The modelis supposed to desribe single di�rative dissoiation events with Pomeronexhange. This implies that ertain uts have to be applied to the data thatis going to be tested by the model. Following paragraphs desribe and justifyuts that are going to be used.4.1 Cut on xIPAs desribed in setion x3.3, the seleted events inlude ontribution omingfrom Pomeron and Reggeon exhanges. In order to eliminate the region withsigni�at Reggeon ontribution, a ut on xIP is neessary. A study [31℄ of theontributions of di�erent exhanges to the ux shows that a ut of xIP < 0:01ensures that the ontribution of the Pomeron is dominant (see �g. 7). The
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5 Regge Fatorization testThe Regge Fatorization assamption (x2.7) an be redued to the following,FD(4)2 (xIP ; t ; �; Q2) = f(xIP ; t) � F (�;Q2); (54)where f(xIP ; t) represents the Pomeron ux whih is assumed to be indepen-dent of � and Q2 and F (�;Q2) represents the Pomeron struture and is �and Q2 dependent. In order to test this assumption, we hek whether theux f(xIP ; t) is indeed independent of � and Q2 on the basis of the availableexperimental data.To perform this we introdue a normalization fator N(�;Q2) that in-orporates Q2 and � dependene of the Pomeron struture funtion andis obtained from the �t. This allows us to test just the xIP behavior ofFD(3)2 (xIP ; �; Q2).Two parameterizations were tested,xIPFD(3)2 (xIP ; �; Q2) = N(�;Q2) 1xAIP ; (55)xIPFD(3)2 (xIP ; �; Q2) = N(�;Q2) Z 0�1 dtfDL(xIP ; t) ; (56)where fDL(xIP ; t) is the Donnahie-Landsho� Pomeron ux fator (Eq. (40)).In the following setions we will study the Q2 and � dependene of A and�IP (0).5.1 Test of Q2 independeneFits of the xIP dependene to the data sets were done in di�erent Q2 rangesas well as in the total Q2 > 3GeV2 range. Additional kinemati uts, usedin the urrent work, were also applied suh as MX > 2GeV and xIP < 0:01.The results of the �ts to the data are shown in �gures 9-14. Figures 9,11and 13 show results of parameterization (55) to the ZEUS FPC, ZEUS LPSand H1 data, respetively. Figures 10,12 and 14 show the orresponding �tsto expression (56). In the �gures the left plot shows the value of the variableA or �IP (0), as obtained from the �t, as a funtion of Q2 and the right oneshows the �2=d:o:f values for the orresponding �ts. The horizontal band inthe �gures represents the result of the global �t that overs the Q2 > 3GeV2range.
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One an see from the �gures that the results obtained from the �ts in dif-ferent Q2 ranges are ompatible with the global �ts. Some di�erene betweenthe global �t and �ts in the high Q2 regions an be observed for ZEUS FPCdata set (see �gs. 9 and 10 ), but it still lies within 1:5 standard deviationrange. From the small values of �2=d:o:f(. 1) follows that the �ts have agood quality.One an also notie that the behavior of both parameterization formulasis almost the same and so for testing the � dependene we provide resultsonly for parameterization (55).5.2 Test of � dependeneIn this setion, the � dependene of �IP (0) and A is tested. Fits to the datasets were done in di�erent � ranges as well as in the total � range. Fitswere done one for xIP < 0:01 and one for the bigger xIP range. Additionalkinemati uts used in the urrent work were also applied: MX > 2GeVand Q2 > 3GeV2. Fit results for the parameterization (55) for ZEUS FPC,ZEUS LPS and H1 data sets are shown in Figs.15, 16 and 17, respetively.The horizontal band in the �gures represents the result of the global �t thatovers the whole � range.It an be easily seen from these plots that for the ase of xIP < 0:01the results are � independent while for the bigger xIP range there is lear �dependene. This dependene is the outome of the inlusion of the Reggeonontribution.5.3 Conlusion of the fatorization testThe results provided in x5.1 and x5.2 show that there are almost no Q2 and �dependene of the Pomeron ux fator when applying the uts: Q2 > 3GeV2,MX > 2GeV and xIP < 0:01. This justi�es the usage of Regge Fatorizationin the desription of di�rative events.One an also notie that the results for the H1 and the ZEUS LPS dataare signi�antly higher than the results for ZEUS FPC data (see also �g. 18).It must be also mentioned that the value of �IP (0) an be dependent on thexIP ut, as an be seen in �g. 18. As the value of xIP inreases above 0:01 theinreasing ontribution of the Reggeon dereases the value of �IP (0).
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6 ComputationsThis work ontained a lot of numerial analysis, whih makes use of di�erentsoftware pakages.� The ROOT pakage was hosen as a general framework.� The CTEQ pakage was used for the QCD alulations.� The Minuit pakage was used for �tting and minimization.There are also some other pakages that an be used in QCD omputations.One of them is the QCDNUM pakage developed by M.A.J.Botje [29℄.In x6.1 a omparison of the QCDNUM and the CTEQ pakages will bepresented. Then in x6.2, the �tting proedure will be desribed. Finally inx6.3 an outline of the alulations will be provided.6.1 Comparison of QCDNUM and CTEQ pakagesIn both pakages we onsider-next-to-leading-order (NLO) alulations. Onedi�erene omes up in the alulation of the strong oupling onstant �S.QCD theory provides NLO di�erential evolution equation for �S,�aS(�2)� ln� = ��0a2S(�2)� �1a3S(�2); (57)where aS � �S=4� and the beta funtions are given by �0 = 11� 2f=3 and�1 = 102� 38f=3 with f the number of ative avors.QCDNUM and CTEQ use di�erent approahes to get approximate solu-tion of this equation. CTEQ uses the � sheme where �f is some QCD saleparameter whih is di�erent for di�erent number of e�etive quarks. In thissheme �S an be written as,�S = 4��0 ln �2�2f 0�1� �1 ln�ln �2�2f ��0 ln �2�2f 1A : (58)�f values are hosen in suh a way as to get a ontinuous �S, when rossingthresholds for heavy avors. The CTEQ pakage makes use of additionalvariable, NFL, whih denotes the total number of ative quark avors.The QCDNUM pakage proeeds in a di�erent way. It parameterizes�S at some input sale �0 (whih is often taken as MZ) and then solvesiteratively Eq. (59).1aS(�2) = 1aS(�20) + �0 ln �2�20 � �1�0 ln�aS(�2)[�0 + �1aS(�20)℄aS(�20)[�0 + �1aS(�2)℄� (59)31



Speial treatment is done if the number of ative quark avors at the requiredsale � is di�erent from one at the input sale �0. The di�erene in �Salulations as a funtion of Q2 at di�erent values of NFL and �3is shown inthe Fig. 19. One an learn from this �gure that there is ertain disagreement
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x for the Pomeron ase) is shown in Figs 20 and 21.
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Figure 20: Results of the evolution of the gluons, xg(x), and the singletdistribution, x�q(x), from an initial sale of Qini = p3GeV to Q = 10GeV,for di�erent values of the grid size (NX) as a funtion of �.
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where �2min is the minimal �2 value obtained after minimization, pi is the bestvalue of parameter i and �pi is its error. In the ase of orrelated errors, theerror matrix V�� must be introdued. It is de�ned in the following way [30℄:M�� = 12 �2�2�p��p� (63)V = M�1 (64)Then the error on any funtion F of the parameters p is, to �rst order, givenby (�F )2 =X� X� �F�p�V�� �F�p� : (65)Eq. (65) is used to alulate error bands of the results. The appropriatederivatives are obtained using the �nite di�erene method.6.3 Outline of the alulationsIn our alulations we will proeed as follows:1. Take the experimental measurements of di�rative struture funtion.Although they are often alled xIPFD(3)2 , they atually orrespond toxIP�D(3)r (see Eq. (27)).2. Use QCD fatorization (x2.5) to de�ne di�rative parton distributionfuntions.3. Use Regge fatorization (x2.7) to de�ne Pomeron parton distributionsand ux fator.4. Guess parameterized PDFs of the Pomeron at some Q2ini.5. Evolve them to obtain distribution, for required Q2 value.6. Calulate the redued di�erential ross setion - �D(3)r (xIP ; �; Q2).7. Fit the result to the data to get the best values for the funtion pa-rameters.8. Use the obtained results to study the partoni struture of the Pomeron.
35



7 FitsIn the previous setion we tested the validity of the Regge fatorization anddisussed di�erent issues of data seletion. In the urrent setion �ts to theexperimental data will be presented.We will parameterize parton distribution funtions of the Pomeron atQ2ini = 3GeV2 in the following way:xg(x) = Ag x�g (1� x)�g ; (66)xq(x) = xu(x) = x�u(x) = xd(x) = x �d(x)= Aq x�q (1� x)�q ; (67)xs(x) = x �s(x) = sxq(x); (68)xb(x) = x�b(x) = x t(x) = x �t(x) = 0: (69)Ag, Aq are assumed to be positive, in order to obtain positive parton densities,and s was set to zero (see x2.8). The powers �q, �q, �g and �g must be biggerthan �1 in order to have total parton momentum to onverge. No additionalonstraints were applied on the parameters.In the following hapters results of the �ts performed over the di�erentdata sets will be presented.For eah data set the following plots are provided:� Fit urve inluding the error bands over the data points.� Parton distribution funtions of the Pomeron at di�erent values of Q2as a funtion of �.� Fration of the Pomeron momentum arried by gluons.7.1 Fit ResultsFits to ZEUS FPC, ZEUS LPS and H1 data were performed (see tables 2, 3and 4 respetively). Data were seleted aording to the ut: Q2 > 3GeV2,xIP < 0:01 and MX > 2GeV.In table 1 values of the parameters, as obtained from the �ts for di�erentdata sets, are presented. General �t information inluding probability and�2, is also provided.7.2 Fit presentationThe results of the �ts from Table 1 are shown in Figs 22 - 26.36



Table 1: Fit results for di�erent data setsName ZEUS FPC ZEUS LPS H1�IP (0) 1:138� 0:011 1:189� 0:020 1:178� 0:007Aq 0:107� 0:016 0:025� 0:007 0:092� 0:017�q 0:405� 0:021 0:19� 0:07 1:28� 0:07�q 0:103� 0:004 �0:396� 0:002 0:29� 0:03Ag 6:09� 0:77 47� 27 0:191� 0:013�g 0:524� 0:036 1:23� 0:16 �0:639� 0:002�g 4:51� 0:07 12:8� 4:3 �0:87� 0:03Npoints 98 27 182Nparams 7 7 7�2 90:7 10:1 189�2=d:o:f: 0:995 0:5 1:0Probability 49% 96% 48%Figs 22, 24 and 26 show the experimental data together with the orre-sponding �t results as a funtion of xIP and as a funtion of Q2 for ZEUSFPC, ZEUS LPS and H1 data sets, respetively. Figs 23, 25 and 27 showthe orresponding Pomeron parton distribution funtions as a funtion of �for di�erent values of Q2.One an see from the �gures that the experimental data are desribed wellby the orresponding �ts. This an be also seen from the high probabilityvalues shown in table 1. It is worthwhile to mention that beause of the largestatistial errors and the limited � range of the data, we get big unertaintiesin the ZEUS LPS �t results (see �g. 25).Sine we didn't impose any sum rule (see Eq. (38)) on the Pomeron partondistribution funtions, the absolute value of these funtions in not signi�ant.However the behavior of these funtions and their relation an be of interest.It must be mentioned that the initial behavior of pdfs is highly onstrainedby the hosen parameterization.It an be seen from �g. 23 that the quark onstituent of the Pomerondominates at high � while gluons dominate at low � for the ZEUS FPC �t.For the H1 �t (�g. 27) we see the dominane of gluons in all the � range. Inase of the ZEUS LPS �t (�g. 25) we also see the dominane of quarks athigh � but we must remember that the ZEUS LPS sample does not ontaindata above � > 0:47 and thus the pdfs are not onstrained in that region.37
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Figure 26: Same as Fig 22 but for the H1 data set.
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It is worthwhile to mention that the seond solution was found for thisdata set. It has higher value of �2 than the presented solution, but is alsogood with �2d:o:f: < 1. The values of �IP (0) obtained from the di�erent �ts tothe ZEUS LPS data are about the same, but the parton distribution funtionsappear to be di�erent.7.3 Comparison of the di�erent �tsOne way of heking the ompatibility of all three data sets, is to make anoverall �t to the whole data sample. Sine the overage of the � range in theZEUS LPS data is limitted, we ompare only the ZEUS FPC and H1 data.A relative overall saling fator was introdued to �x possible inompat-ibilities in the event seletion. Unfortunately suh a �t failed. Thus, theomparison between the data sets is done by using the �t results of one sam-ple, plotted on the data of the other sample. This is presented in Figs 28and 29.
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Figure 28: The ZEUS FPC di�rative struture funtion data (triangles) asa funtion of xIP , ompared to the results of the H1 NLO QCD �t (band).44



Fig. 28 shows the H1 �t results ompared to the ZEUS FPC data. Theurves lie below the data points in the low Q2 range, while at higher Q2values they seem to math the data. This seems to imply a di�erent Q2behavior of the two data sets.In �g. 29 the ZEUS FPC �t results are ompared to the H1 data. Nosimple onlusion an be reahed in this ase; in some of the bins the urveslie above the data, while in others, they agree with the data points.In onlusion we an state that there seems to be some inompatibilitybetween the two data sets.
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8 Results interpretationIn the urrent setion some quantities, whih an be alulated using the �tresults, will be disussed.8.1 Momentum arried by quarks and gluonsUsing the �t results, the fration of the Pomeron momentum arried byquarks and gluons an be alulated. It is de�ned in the following way:Pq(Q2) = Xi Z 10 d� �qi(�;Q2) ; (70)Pg(Q2) = Z 10 d� �qi(�;Q2) : (71)Sine no momentum sum rule was imposed on the Pomeron, we normalizePq and Pg in the following way:P̂q = PqPq + Pg ; (72)P̂g = PgPq + Pg : (73)The plots of P̂q and P̂g as a funtion of Q2 are shown in Figs 30-32 for theZEUS FPC, ZEUS LPS and H1 best �ts, respetively. It an be seen fromthe �gures that the gluons arry 55� 65% of the total Pomeron momentumfor the ZEUS FPC �t. For the H1 �t this value is 80�90% and for the ZEUSLPS �t gluon and quark parts are about the same with slight dominane ofthe �rst. In ontrary to that, the seond �t of the ZEUS LPS data, mentionedabove, gives the results similar to the ones of H1 �t.
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Figure 30: Relative momentum fration arried by gluons and quarks in thePomeron as a funtion of Q2, for the ZEUS FPC �t.
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Figure 31: Relative momentum fration arried by gluons and quarks in thePomeron as a funtion of Q2, for the ZEUS LPS data.
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Figure 32: Relative momentum fration arried by gluons and quarks in thePomeron as a funtion of Q2, for the H1 data. (Q2 > 3GeV2, xIP < 0:01and MX > 2GeV) 47



8.2 Probability of di�rationThe probability that a ertain parton is produed in a di�rative proess isde�ned in Eq. (31). The following form was used in the omputations:PDg (x;Q2) = R 1x=0:01 d� 1�fIP=P (x� ) gIP(�;Q2)gP (x;Q2) ; (74)PDq (x;Q2) = Pi R 1x=0:01 d� 1�fIP=P (x� ) qIPi (�;Q2)Pi qPi (x;Q2) ; (75)where gP and qPi are the gluon and the i-th quark distribution funtions inthe proton, gIP and qIPi are the orresponding distribution funtions in thePomeron. The integration over � was preformed from x=0:01 to 1 whihorresponds to the region of the single Pomeron exhange.The probability of di�ration on quarks and gluons, as a funtion of x atdi�erent values of Q2, is shown in Figs 33 and 34, using the results of theZEUS FPC and the H1 data �ts, respetively.The ZEUS LPS data an not be used in this study beause of the big un-ertainties in the �t results. The ZEUS FPC data show that throughout thewhole kinemati range shown in the �gures, the probability for di�ration isnot bigger than 0:15, far from the Pumplin [33℄ limit of 0.5. This is not thease for the H1 data. One an see that for small x the probability of di�ra-tion on gluons for this data beomes greater than 0:5 whih is unphysial.Please note that the results for x < 2 � 10�4 are in the region where H1 hasno data. Thus the value of the probability of di�ration in that region is apredition based on data lying in the upper region.In order to get physial results, some proesses must lower the expetedvalue. One andidate for this might be gluon saturation [34℄ whih ouldhappen at small x.
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9 Summary and ConlusionsIn the present work the ZEUS FPC, ZEUS LPS and H1 data were used.First, the Regge Fatorization assumption was tested and was found to beonsistent with available experimental data in the kinemati range: MX >2GeV, Q2 > 3GeV2 and xIP < 0:01. It was also shown that the Reggefatorization breaks when the xIP < 0:01 ut is removed.Next, the omparison of two numerial methods, CTEQ and QCDNUM,was done. It was shown that the results obtained by these methods may varyin up to 5%. In the urrent work the CTEQ method was used.Then, NLO DGLAP �ts to the inlusive di�rative data were done inde-pendently to the di�erent data sets. The �ts inluded the ontribution of thelongitudinal struture funtion, FDL . Simple parameterization of Pomeronparton distribution funtions allowed to desribe well the existing data inthe seleted kinemati range. The values obtained for �IP (0) are,�IP (0) = 1:138� 0:011; for the ZEUS FPC data;�IP (0) = 1:189� 0:020; for the ZEUS LPS data;�IP (0) = 1:178� 0:007; for the H1 data;These values are bigger than the ones obtained from hadron-hadron data,�IP (0) = 1:09�::: [32℄. This implies a non-universal harater of the Pomeron.A omparison between the ZEUS FPC and the H1 data shows that theyare inompatible in some of the kinemati region studied.The fration of the Pomeron momentum arried by gluons, extrated fromthe �t results, was found to be 70 � 90% for the H1 and ZEUS LPS data,and 55� 65% for the ZEUS FPC data.Additional quantity that was alulated was the probability of di�ration.Although it an be extrapolated to any region of x, the results for the H1 �tbelow 10�4 are unphysial. A possible reason for this is the onset of gluonsaturation, whih would invalidate the DGLAP evolution equations.
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Appendix: Experimental data referenes
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Figure 35: Q2 � xIP range overed by di�erent experiments.
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Figure 36: Q2 � x range overed by di�erent experiments.
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Table 2: ZEUS FPC di�rative dataxIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:00204 0:6522 2:7 0:0340 �0:0020 +0:0048�0:00300:00098 0:6522 2:7 0:0396 �0:0024 +0:0062�0:00420:00057 0:6522 2:7 0:0416 �0:0025 +0:0036�0:00330:00031 0:6522 2:7 0:0410 �0:0021 +0:0043�0:00330:00018 0:6522 2:7 0:0433 �0:0025 +0:0046�0:00480:00013 0:6522 2:7 0:0375 �0:0024 +0:0055�0:00430:00009 0:6522 2:7 0:0400 �0:0038 +0:0098�0:00740:00577 0:2308 2:7 0:0244 �0:0018 +0:0028�0:00240:00277 0:2308 2:7 0:0234 �0:0019 +0:0012�0:00180:00162 0:2308 2:7 0:0249 �0:0018 +0:0029�0:00180:00088 0:2308 2:7 0:0283 �0:0019 +0:0020�0:00210:00052 0:2308 2:7 0:0370 �0:0026 +0:0016�0:00290:00036 0:2308 2:7 0:0393 �0:0026 +0:0018�0:00480:00024 0:2308 2:7 0:0499 �0:0035 +0:0041�0:00560:00915 0:0698 2:7 0:0177 �0:0018 +0:0011�0:00110:00535 0:0698 2:7 0:0206 �0:0018 +0:0015�0:00110:00293 0:0698 2:7 0:0226 �0:0017 +0:0026�0:00210:00172 0:0698 2:7 0:0229 �0:0019 +0:0019�0:00230:00119 0:0698 2:7 0:0252 �0:0019 +0:0018�0:00240:00080 0:0698 2:7 0:0256 �0:0020 +0:0029�0:00160:01711 0:0218 2:7 0:0170 �0:0034 +0:0035�0:00150:00935 0:0218 2:7 0:0196 �0:0021 +0:0024�0:00200:00550 0:0218 2:7 0:0170 �0:0019 +0:0024�0:00160:00382 0:0218 2:7 0:0207 �0:0019 +0:0009�0:00260:00256 0:0218 2:7 0:0212 �0:0018 +0:0026�0:00070:01790 0:0067 2:7 0:0196 �0:0056 +0:0027�0:00200:01243 0:0067 2:7 0:0164 �0:0031 +0:0024�0:00150:00832 0:0067 2:7 0:0270 �0:0030 +0:0020�0:00170:01865 0:0030 2:7 0:0233 �0:0064 +0:0042�0:00280:00268 0:7353 4:0 0:0328 �0:0014 +0:0035�0:00420:00129 0:7353 4:0 0:0356 �0:0016 +0:0048�0:00490:00075 0:7353 4:0 0:0405 �0:0018 +0:0057�0:00510:00041 0:7353 4:0 0:0469 �0:0020 +0:0051�0:00430:00024 0:7353 4:0 0:0404 �0:0020 +0:0055�0:00350:00017 0:7353 4:0 0:0503 �0:0025 +0:0042�0:00530:00011 0:7353 4:0 0:0404 �0:0027 +0:0112�0:00610:00641 0:3077 4:0 0:0269 �0:0013 +0:0022�0:001360



Table 2: ZEUS FPC di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:00307 0:3077 4:0 0:0292 �0:0015 +0:0028�0:00300:00180 0:3077 4:0 0:0304 �0:0015 +0:0024�0:00290:00098 0:3077 4:0 0:0338 �0:0016 +0:0019�0:00220:00058 0:3077 4:0 0:0407 �0:0021 +0:0039�0:00230:00040 0:3077 4:0 0:0493 �0:0024 +0:0023�0:00340:00027 0:3077 4:0 0:0459 �0:0024 +0:0022�0:00460:01971 0:1000 4:0 0:0185 �0:0028 +0:0022�0:00150:00946 0:1000 4:0 0:0187 �0:0014 +0:0021�0:00170:00553 0:1000 4:0 0:0226 �0:0014 +0:0034�0:00220:00302 0:1000 4:0 0:0227 �0:0013 +0:0012�0:00200:00178 0:1000 4:0 0:0270 �0:0017 +0:0012�0:00220:00123 0:1000 4:0 0:0304 �0:0017 +0:0021�0:00150:00083 0:1000 4:0 0:0328 �0:0018 +0:0012�0:00300:01729 0:0320 4:0 0:0145 �0:0032 +0:0025�0:00250:00945 0:0320 4:0 0:0194 �0:0019 +0:0022�0:00180:00556 0:0320 4:0 0:0219 �0:0017 +0:0014�0:00240:00386 0:0320 4:0 0:0209 �0:0014 +0:0016�0:00100:00258 0:0320 4:0 0:0227 �0:0014 +0:0009�0:00150:01795 0:0099 4:0 0:0173 �0:0051 +0:0020�0:00230:01247 0:0099 4:0 0:0206 �0:0032 +0:0025�0:00210:00835 0:0099 4:0 0:0250 �0:0024 +0:0019�0:00150:01868 0:0044 4:0 0:0228 �0:0060 +0:0034�0:00300:00366 0:8065 6:0 0:0288 �0:0019 +0:0032�0:00320:00176 0:8065 6:0 0:0328 �0:0023 +0:0072�0:00310:00103 0:8065 6:0 0:0335 �0:0022 +0:0038�0:00350:00056 0:8065 6:0 0:0367 �0:0022 +0:0038�0:00450:00033 0:8065 6:0 0:0450 �0:0030 +0:0048�0:00380:00023 0:8065 6:0 0:0393 �0:0028 +0:0058�0:00230:00015 0:8065 6:0 0:0436 �0:0036 +0:0078�0:00770:00739 0:4000 6:0 0:0314 �0:0019 +0:0027�0:00340:00354 0:4000 6:0 0:0349 �0:0023 +0:0033�0:00140:00207 0:4000 6:0 0:0426 �0:0026 +0:0030�0:00300:00113 0:4000 6:0 0:0390 �0:0022 +0:0016�0:00150:00067 0:4000 6:0 0:0542 �0:0033 +0:0011�0:00290:00046 0:4000 6:0 0:0589 �0:0035 +0:0021�0:00390:00031 0:4000 6:0 0:0544 �0:0035 +0:0022�0:00370:02068 0:1429 6:0 0:0179 �0:0031 +0:0029�0:002361



Table 2: ZEUS FPC di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:00993 0:1429 6:0 0:0243 �0:0020 +0:0019�0:00210:00581 0:1429 6:0 0:0254 �0:0018 +0:0009�0:00250:00317 0:1429 6:0 0:0249 �0:0016 +0:0012�0:00060:00187 0:1429 6:0 0:0323 �0:0022 +0:0021�0:00210:00130 0:1429 6:0 0:0319 �0:0020 +0:0015�0:00200:00087 0:1429 6:0 0:0370 �0:0023 +0:0018�0:00130:01756 0:0472 6:0 0:0168 �0:0037 +0:0041�0:00220:00960 0:0472 6:0 0:0233 �0:0022 +0:0013�0:00280:00564 0:0472 6:0 0:0211 �0:0019 +0:0018�0:00150:00392 0:0472 6:0 0:0249 �0:0019 +0:0011�0:00150:00262 0:0472 6:0 0:0316 �0:0022 +0:0010�0:00120:01804 0:0148 6:0 0:0225 �0:0058 +0:0035�0:00290:01253 0:0148 6:0 0:0236 �0:0036 +0:0017�0:00370:00839 0:0148 6:0 0:0260 �0:0027 +0:0024�0:00270:01872 0:0066 6:0 0:0235 �0:0068 +0:0044�0:00340:00464 0:8475 8:0 0:0315 �0:0021 +0:0037�0:00290:00223 0:8475 8:0 0:0347 �0:0023 +0:0047�0:00420:00131 0:8475 8:0 0:0366 �0:0024 +0:0056�0:00410:00071 0:8475 8:0 0:0423 �0:0027 +0:0049�0:00330:00042 0:8475 8:0 0:0448 �0:0033 +0:0038�0:00340:00029 0:8475 8:0 0:0507 �0:0035 +0:0040�0:00650:00020 0:8475 8:0 0:0421 �0:0037 +0:0075�0:00450:00836 0:4706 8:0 0:0338 �0:0019 +0:0013�0:00080:00402 0:4706 8:0 0:0380 �0:0022 +0:0025�0:00450:00235 0:4706 8:0 0:0438 �0:0024 +0:0051�0:00260:00129 0:4706 8:0 0:0431 �0:0023 +0:0012�0:00170:00076 0:4706 8:0 0:0516 �0:0031 +0:0036�0:00350:00052 0:4706 8:0 0:0487 �0:0029 +0:0039�0:00140:00035 0:4706 8:0 0:0556 �0:0034 +0:0039�0:00330:02164 0:1818 8:0 0:0210 �0:0035 +0:0020�0:00150:01039 0:1818 8:0 0:0233 �0:0017 +0:0018�0:00160:00608 0:1818 8:0 0:0269 �0:0016 +0:0032�0:00200:00332 0:1818 8:0 0:0298 �0:0016 +0:0006�0:00130:00195 0:1818 8:0 0:0290 �0:0018 +0:0014�0:00160:00136 0:1818 8:0 0:0351 �0:0020 +0:0023�0:00190:00091 0:1818 8:0 0:0385 �0:0022 +0:0012�0:00210:01783 0:0620 8:0 0:0209 �0:0039 +0:0022�0:003962



Table 2: ZEUS FPC di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:00975 0:0620 8:0 0:0261 �0:0022 +0:0017�0:00110:00573 0:0620 8:0 0:0253 �0:0019 +0:0014�0:00080:00398 0:0620 8:0 0:0271 �0:0019 +0:0008�0:00150:00267 0:0620 8:0 0:0308 �0:0020 +0:0022�0:00070:01813 0:0196 8:0 0:0227 �0:0056 +0:0026�0:00250:01259 0:0196 8:0 0:0302 �0:0038 +0:0018�0:00360:00843 0:0196 8:0 0:0302 �0:0030 +0:0024�0:00370:01876 0:0088 8:0 0:0256 �0:0075 +0:0054�0:00230:00757 0:9067 14:0 0:0262 �0:0017 +0:0038�0:00250:00364 0:9067 14:0 0:0257 �0:0018 +0:0033�0:00340:00213 0:9067 14:0 0:0332 �0:0021 +0:0046�0:00540:00117 0:9067 14:0 0:0328 �0:0021 +0:0033�0:00260:00069 0:9067 14:0 0:0354 �0:0027 +0:0031�0:00340:00048 0:9067 14:0 0:0266 �0:0023 +0:0030�0:00250:00032 0:9067 14:0 0:0434 �0:0037 +0:0049�0:00420:01128 0:6087 14:0 0:0309 �0:0016 +0:0014�0:00190:00543 0:6087 14:0 0:0344 �0:0018 +0:0036�0:00230:00318 0:6087 14:0 0:0406 �0:0019 +0:0064�0:00430:00174 0:6087 14:0 0:0444 �0:0021 +0:0011�0:00270:00102 0:6087 14:0 0:0450 �0:0025 +0:0035�0:00180:00071 0:6087 14:0 0:0519 �0:0028 +0:0054�0:00450:00048 0:6087 14:0 0:0569 �0:0034 +0:0048�0:00370:02452 0:2800 14:0 0:0199 �0:0039 +0:0017�0:00160:01180 0:2800 14:0 0:0248 �0:0017 +0:0026�0:00260:00691 0:2800 14:0 0:0304 �0:0014 +0:0037�0:00290:00378 0:2800 14:0 0:0317 �0:0014 +0:0005�0:00280:00222 0:2800 14:0 0:0357 �0:0018 +0:0015�0:00100:00154 0:2800 14:0 0:0405 �0:0019 +0:0010�0:00130:00103 0:2800 14:0 0:0403 �0:0021 +0:0024�0:00170:01865 0:1037 14:0 0:0239 �0:0040 +0:0044�0:00390:01020 0:1037 14:0 0:0258 �0:0020 +0:0013�0:00210:00600 0:1037 14:0 0:0277 �0:0018 +0:0009�0:00140:00416 0:1037 14:0 0:0303 �0:0017 +0:0016�0:00130:00279 0:1037 14:0 0:0350 �0:0020 +0:0011�0:00090:01839 0:0338 14:0 0:0231 �0:0059 +0:0033�0:00280:01277 0:0338 14:0 0:0278 �0:0038 +0:0019�0:00220:00855 0:0338 14:0 0:0322 �0:0028 +0:0019�0:001963



Table 2: ZEUS FPC di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:01888 0:0153 14:0 0:0325 �0:0080 +0:0039�0:00320:01386 0:9494 27:0 0:0192 �0:0028 +0:0025�0:00340:00669 0:9494 27:0 0:0168 �0:0029 +0:0031�0:00170:00392 0:9494 27:0 0:0270 �0:0036 +0:0039�0:00440:00215 0:9494 27:0 0:0160 �0:0029 +0:0033�0:00240:00126 0:9494 27:0 0:0372 �0:0060 +0:0016�0:01080:00088 0:9494 27:0 0:0268 �0:0049 +0:0041�0:00460:00059 0:9494 27:0 0:0290 �0:0054 +0:0058�0:00280:01754 0:7500 27:0 0:0165 �0:0019 +0:0023�0:00180:00847 0:7500 27:0 0:0256 �0:0027 +0:0062�0:00320:00496 0:7500 27:0 0:0310 �0:0028 +0:0048�0:00550:00272 0:7500 27:0 0:0363 �0:0031 +0:0034�0:00310:00160 0:7500 27:0 0:0433 �0:0044 +0:0035�0:00510:00111 0:7500 27:0 0:0444 �0:0046 +0:0065�0:00300:00074 0:7500 27:0 0:0522 �0:0049 +0:0055�0:00570:01482 0:4286 27:0 0:0257 �0:0026 +0:0018�0:00270:00869 0:4286 27:0 0:0327 �0:0023 +0:0036�0:00420:00475 0:4286 27:0 0:0380 �0:0025 +0:0020�0:00420:00280 0:4286 27:0 0:0392 �0:0030 +0:0011�0:00130:00194 0:4286 27:0 0:0475 �0:0036 +0:0002�0:00280:00130 0:4286 27:0 0:0553 �0:0037 +0:0016�0:00340:02041 0:1824 27:0 0:0201 �0:0048 +0:0052�0:00270:01117 0:1824 27:0 0:0218 �0:0028 +0:0031�0:00130:00657 0:1824 27:0 0:0252 �0:0025 +0:0016�0:00150:00456 0:1824 27:0 0:0283 �0:0025 +0:0027�0:00170:00306 0:1824 27:0 0:0389 �0:0028 +0:0010�0:00300:01896 0:0632 27:0 0:0211 �0:0067 +0:0026�0:00460:01317 0:0632 27:0 0:0274 �0:0046 +0:0025�0:00280:00882 0:0632 27:0 0:0296 �0:0035 +0:0028�0:00200:01914 0:0291 27:0 0:0249 �0:0082 +0:0037�0:00410:02713 0:9745 55:0 0:0128 �0:0045 +0:0039�0:00470:01319 0:9745 55:0 0:0167 �0:0066 +0:0026�0:00270:00775 0:9745 55:0 0:0072 �0:0034 +0:0059�0:00150:00425 0:9745 55:0 0:0146 �0:0045 +0:0015�0:00260:00174 0:9745 55:0 0:0139 �0:0036 +0:0035�0:00710:01495 0:8594 55:0 0:0146 �0:0036 +0:0027�0:00070:00879 0:8594 55:0 0:0222 �0:0041 +0:0018�0:002464



Table 2: ZEUS FPC di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat �syst0:00482 0:8594 55:0 0:0229 �0:0043 +0:0048�0:00220:00284 0:8594 55:0 0:0245 �0:0058 +0:0072�0:00530:00197 0:8594 55:0 0:0335 �0:0061 +0:0027�0:00810:00132 0:8594 55:0 0:0386 �0:0072 +0:0076�0:00530:02126 0:6044 55:0 0:0171 �0:0036 +0:0025�0:00210:01250 0:6044 55:0 0:0242 �0:0031 +0:0065�0:00350:00685 0:6044 55:0 0:0329 �0:0033 +0:0016�0:00410:00404 0:6044 55:0 0:0288 �0:0040 +0:0067�0:00300:00280 0:6044 55:0 0:0492 �0:0052 +0:0010�0:00550:00188 0:6044 55:0 0:0429 �0:0049 +0:0027�0:00360:01325 0:3125 55:0 0:0295 �0:0037 +0:0018�0:00290:00780 0:3125 55:0 0:0303 �0:0037 +0:0034�0:00250:00542 0:3125 55:0 0:0381 �0:0038 +0:0032�0:00070:00363 0:3125 55:0 0:0442 �0:0045 +0:0017�0:00260:02017 0:1209 55:0 0:0236 �0:0075 +0:0049�0:00600:01402 0:1209 55:0 0:0223 �0:0051 +0:0028�0:00300:00939 0:1209 55:0 0:0286 �0:0047 +0:0062�0:0024
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Table 3: ZEUS LPS di�rative dataxIP � Q2 (GeV2) xIPFD(3)2 �stat0:00680 0:007 2:4 0:01168 �0:004140:01900 0:007 2:4 0:01455 �0:002290:04000 0:007 2:4 0:01662 �0:003190:06000 0:007 2:4 0:02122 �0:002350:00280 0:030 2:4 0:01407 �0:003770:00680 0:030 2:4 0:01395 �0:003490:01900 0:030 2:4 0:01230 �0:002470:04000 0:030 2:4 0:01505 �0:002330:06000 0:030 2:4 0:02180 �0:003140:00050 0:130 2:4 0:01633 �0:003310:00120 0:130 2:4 0:01836 �0:003460:00280 0:130 2:4 0:01312 �0:002800:00680 0:130 2:4 0:01642 �0:003480:01900 0:130 2:4 0:01728 �0:003330:00050 0:480 2:4 0:03312 �0:005610:00120 0:480 2:4 0:02708 �0:005350:00280 0:480 2:4 0:01807 �0:003980:01900 0:007 3:7 0:01337 �0:002250:04000 0:007 3:7 0:01826 �0:002690:06000 0:007 3:7 0:02818 �0:003890:00280 0:030 3:7 0:02056 �0:005770:00680 0:030 3:7 0:01913 �0:004550:01900 0:030 3:7 0:01016 �0:003150:04000 0:030 3:7 0:01338 �0:002240:06000 0:030 3:7 0:02109 �0:002240:00050 0:130 3:7 0:02429 �0:005960:00120 0:130 3:7 0:01944 �0:003680:00280 0:130 3:7 0:01423 �0:002740:00680 0:130 3:7 0:00873 �0:001890:01900 0:130 3:7 0:01059 �0:001630:04000 0:130 3:7 0:00887 �0:001860:00050 0:480 3:7 0:04234 �0:005640:00120 0:480 3:7 0:03555 �0:005850:00280 0:480 3:7 0:02774 �0:006180:00680 0:480 3:7 0:02339 �0:004560:01900 0:007 6:9 0:01817 �0:003140:04000 0:007 6:9 0:02496 �0:0030066



Table 3: ZEUS LPS di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:06000 0:007 6:9 0:02744 �0:002400:00680 0:030 6:9 0:02057 �0:003830:01900 0:030 6:9 0:01376 �0:001690:04000 0:030 6:9 0:01393 �0:003110:06000 0:030 6:9 0:02813 �0:003170:00120 0:130 6:9 0:02369 �0:004430:00280 0:130 6:9 0:01957 �0:003180:00680 0:130 6:9 0:01140 �0:002000:01900 0:130 6:9 0:01358 �0:001830:04000 0:130 6:9 0:01467 �0:002600:06000 0:130 6:9 0:01902 �0:003330:00050 0:480 6:9 0:04360 �0:005310:00120 0:480 6:9 0:03326 �0:004310:00280 0:480 6:9 0:02745 �0:004210:00680 0:480 6:9 0:02602 �0:004090:01900 0:480 6:9 0:01561 �0:002810:04000 0:007 13:5 0:04063 �0:007300:06000 0:007 13:5 0:04203 �0:004610:01900 0:030 13:5 0:02074 �0:003880:04000 0:030 13:5 0:02641 �0:003740:06000 0:030 13:5 0:03027 �0:003190:00280 0:130 13:5 0:02103 �0:004640:00680 0:130 13:5 0:01649 �0:002820:01900 0:130 13:5 0:01565 �0:002080:04000 0:130 13:5 0:01753 �0:002660:06000 0:130 13:5 0:02095 �0:002670:00050 0:480 13:5 0:04832 �0:010760:00120 0:480 13:5 0:03259 �0:004620:00280 0:480 13:5 0:02617 �0:004000:00680 0:480 13:5 0:02018 �0:003130:01900 0:480 13:5 0:02358 �0:004080:04000 0:480 13:5 0:01399 �0:002960:04000 0:030 39:0 0:03789 �0:006620:06000 0:030 39:0 0:03938 �0:004480:00680 0:130 39:0 0:03030 �0:006980:01900 0:130 39:0 0:02225 �0:003290:04000 0:130 39:0 0:02027 �0:0033267



Table 3: ZEUS LPS di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:06000 0:130 39:0 0:02893 �0:003320:00280 0:480 39:0 0:02872 �0:005560:00680 0:480 39:0 0:02119 �0:004140:01900 0:480 39:0 0:01757 �0:002930:04000 0:480 39:0 0:02004 �0:004160:06000 0:480 39:0 0:01900 �0:00328

68



Table 4: H1 di�rative dataxIP � Q2 (GeV2) xIPFD(3)2 �stat0:02 0:01 6:5 0:023 �0:0030:005 0:04 6:5 0:021 �0:0030:008 0:04 6:5 0:022 �0:0040:013 0:04 6:5 0:023 �0:0040:02 0:04 6:5 0:020 �0:0030:002 0:1 6:5 0:024 �0:0040:0032 0:1 6:5 0:018 �0:0030:005 0:1 6:5 0:015 �0:0040:008 0:1 6:5 0:012 �0:0020:013 0:1 6:5 0:018 �0:0030:001 0:2 6:5 0:029 �0:0050:0016 0:2 6:5 0:024 �0:0040:0025 0:2 6:5 0:016 �0:0030:004 0:2 6:5 0:026 �0:0050:0064 0:2 6:5 0:016 �0:0030:0005 0:4 6:5 0:055 �0:0080:0008 0:4 6:5 0:035 �0:0060:0013 0:4 6:5 0:038 �0:0090:002 0:4 6:5 0:033 �0:0050:0032 0:4 6:5 0:027 �0:0060:00031 0:65 6:5 0:048 �0:0080:00049 0:65 6:5 0:037 �0:0110:00078 0:65 6:5 0:049 �0:0140:0012 0:65 6:5 0:049 �0:0100:002 0:65 6:5 0:028 �0:0050:00022 0:9 6:5 0:055 �0:0150:00036 0:9 6:5 0:050 �0:0090:00056 0:9 6:5 0:028 �0:0070:00089 0:9 6:5 0:047 �0:0100:0014 0:9 6:5 0:042 �0:0150:02 0:01 8:5 0:030 �0:0030:005 0:04 8:5 0:018 �0:0020:008 0:04 8:5 0:023 �0:0020:013 0:04 8:5 0:022 �0:0020:02 0:04 8:5 0:021 �0:0030:002 0:1 8:5 0:022 �0:0040:0032 0:1 8:5 0:021 �0:00369



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:005 0:1 8:5 0:019 �0:0030:008 0:1 8:5 0:015 �0:0020:013 0:1 8:5 0:018 �0:0020:02 0:1 8:5 0:023 �0:0040:001 0:2 8:5 0:025 �0:0030:0016 0:2 8:5 0:023 �0:0030:0025 0:2 8:5 0:021 �0:0030:004 0:2 8:5 0:022 �0:0050:0064 0:2 8:5 0:017 �0:0020:01 0:2 8:5 0:016 �0:0020:0005 0:4 8:5 0:051 �0:0060:0008 0:4 8:5 0:044 �0:0050:0013 0:4 8:5 0:039 �0:0050:002 0:4 8:5 0:038 �0:0050:0032 0:4 8:5 0:026 �0:0040:005 0:4 8:5 0:026 �0:0040:00031 0:65 8:5 0:053 �0:0080:00049 0:65 8:5 0:050 �0:0060:00078 0:65 8:5 0:039 �0:0050:0012 0:65 8:5 0:045 �0:0060:002 0:65 8:5 0:037 �0:0050:0031 0:65 8:5 0:037 �0:0070:00036 0:9 8:5 0:037 �0:0070:00056 0:9 8:5 0:045 �0:0080:00089 0:9 8:5 0:048 �0:0150:0014 0:9 8:5 0:032 �0:0060:0022 0:9 8:5 0:027 �0:0060:02 0:01 12 0:035 �0:0050:005 0:04 12 0:032 �0:0050:008 0:04 12 0:027 �0:0030:013 0:04 12 0:029 �0:0030:02 0:04 12 0:033 �0:0040:002 0:1 12 0:022 �0:0040:0032 0:1 12 0:021 �0:0030:005 0:1 12 0:019 �0:0030:008 0:1 12 0:026 �0:0030:013 0:1 12 0:027 �0:00470



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:02 0:1 12 0:025 �0:0070:001 0:2 12 0:039 �0:0070:0016 0:2 12 0:029 �0:0040:0025 0:2 12 0:030 �0:0040:004 0:2 12 0:020 �0:0030:0064 0:2 12 0:017 �0:0020:01 0:2 12 0:021 �0:0030:0005 0:4 12 0:051 �0:0110:0008 0:4 12 0:047 �0:0060:0013 0:4 12 0:032 �0:0050:002 0:4 12 0:029 �0:0040:0032 0:4 12 0:025 �0:0040:005 0:4 12 0:023 �0:0040:008 0:4 12 0:021 �0:0040:00031 0:65 12 0:083 �0:0180:00049 0:65 12 0:042 �0:0060:00078 0:65 12 0:050 �0:0070:0012 0:65 12 0:048 �0:0060:002 0:65 12 0:036 �0:0050:0031 0:65 12 0:027 �0:0050:0049 0:65 12 0:042 �0:0080:00036 0:9 12 0:044 �0:0120:00056 0:9 12 0:026 �0:0060:00089 0:9 12 0:030 �0:0060:0014 0:9 12 0:037 �0:0070:0022 0:9 12 0:031 �0:0060:0036 0:9 12 0:038 �0:0120:02 0:01 15 0:058 �0:0120:005 0:04 15 0:033 �0:0060:008 0:04 15 0:028 �0:0020:013 0:04 15 0:026 �0:0020:02 0:04 15 0:028 �0:0020:002 0:1 15 0:036 �0:0090:0032 0:1 15 0:028 �0:0020:005 0:1 15 0:024 �0:0020:008 0:1 15 0:020 �0:0020:013 0:1 15 0:020 �0:00171



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:02 0:1 15 0:025 �0:0020:001 0:2 15 0:064 �0:0130:0016 0:2 15 0:032 �0:0020:0025 0:2 15 0:026 �0:0020:004 0:2 15 0:025 �0:0020:0064 0:2 15 0:023 �0:0010:01 0:2 15 0:020 �0:0010:016 0:2 15 0:020 �0:0010:0005 0:4 15 0:039 �0:0100:0008 0:4 15 0:045 �0:0040:0013 0:4 15 0:045 �0:0030:002 0:4 15 0:035 �0:0030:0032 0:4 15 0:028 �0:0020:005 0:4 15 0:027 �0:0020:008 0:4 15 0:024 �0:0020:00049 0:65 15 0:056 �0:0050:00078 0:65 15 0:045 �0:0030:0012 0:65 15 0:043 �0:0030:002 0:65 15 0:041 �0:0030:0031 0:65 15 0:032 �0:0020:0049 0:65 15 0:031 �0:0020:00036 0:9 15 0:035 �0:0080:00056 0:9 15 0:033 �0:0050:00089 0:9 15 0:026 �0:0030:0014 0:9 15 0:030 �0:0030:0022 0:9 15 0:037 �0:0040:0036 0:9 15 0:025 �0:0030:008 0:04 20 0:033 �0:0030:013 0:04 20 0:030 �0:0020:02 0:04 20 0:031 �0:0020:0032 0:1 20 0:033 �0:0040:005 0:1 20 0:026 �0:0020:008 0:1 20 0:025 �0:0020:013 0:1 20 0:023 �0:0020:02 0:1 20 0:023 �0:0020:0016 0:2 20 0:035 �0:0040:0025 0:2 20 0:030 �0:00272



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:004 0:2 20 0:030 �0:0020:0064 0:2 20 0:027 �0:0020:01 0:2 20 0:024 �0:0020:016 0:2 20 0:021 �0:0020:025 0:2 20 0:022 �0:0020:0008 0:4 20 0:036 �0:0050:0013 0:4 20 0:039 �0:0030:002 0:4 20 0:036 �0:0040:0032 0:4 20 0:027 �0:0020:005 0:4 20 0:020 �0:0050:008 0:4 20 0:025 �0:0020:013 0:4 20 0:024 �0:0030:00049 0:65 20 0:052 �0:0070:00078 0:65 20 0:051 �0:0040:0012 0:65 20 0:046 �0:0030:002 0:65 20 0:040 �0:0030:0031 0:65 20 0:040 �0:0030:0049 0:65 20 0:033 �0:0030:0078 0:65 20 0:024 �0:0030:00036 0:9 20 0:025 �0:0080:00056 0:9 20 0:034 �0:0060:00089 0:9 20 0:030 �0:0040:0014 0:9 20 0:037 �0:0040:0022 0:9 20 0:031 �0:0040:0036 0:9 20 0:014 �0:0090:0056 0:9 20 0:027 �0:0050:008 0:04 25 0:023 �0:0060:013 0:04 25 0:033 �0:0030:02 0:04 25 0:037 �0:0030:005 0:1 25 0:026 �0:0030:008 0:1 25 0:029 �0:0020:013 0:1 25 0:025 �0:0020:02 0:1 25 0:023 �0:0020:0016 0:2 25 0:038 �0:0110:0025 0:2 25 0:038 �0:0030:004 0:2 25 0:028 �0:0030:0064 0:2 25 0:026 �0:00273



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:01 0:2 25 0:025 �0:0020:016 0:2 25 0:023 �0:0020:025 0:2 25 0:023 �0:0020:0008 0:4 25 0:046 �0:0150:0013 0:4 25 0:056 �0:0070:002 0:4 25 0:046 �0:0040:0032 0:4 25 0:034 �0:0030:005 0:4 25 0:028 �0:0020:008 0:4 25 0:027 �0:0020:013 0:4 25 0:021 �0:0020:00049 0:65 25 0:058 �0:0240:00078 0:65 25 0:051 �0:0050:0012 0:65 25 0:051 �0:0040:002 0:65 25 0:042 �0:0030:0031 0:65 25 0:037 �0:0030:0049 0:65 25 0:032 �0:0030:0078 0:65 25 0:030 �0:0030:00056 0:9 25 0:031 �0:0080:00089 0:9 25 0:025 �0:0040:0014 0:9 25 0:032 �0:0050:0022 0:9 25 0:023 �0:0030:0036 0:9 25 0:019 �0:0030:0056 0:9 25 0:022 �0:0030:013 0:04 35 0:028 �0:0050:02 0:04 35 0:039 �0:0030:005 0:1 35 0:042 �0:0090:008 0:1 35 0:027 �0:0030:013 0:1 35 0:027 �0:0030:02 0:1 35 0:029 �0:0030:0025 0:2 35 0:049 �0:0090:004 0:2 35 0:038 �0:0030:0064 0:2 35 0:026 �0:0020:01 0:2 35 0:027 �0:0020:016 0:2 35 0:025 �0:0020:025 0:2 35 0:027 �0:0030:0013 0:4 35 0:047 �0:0090:002 0:4 35 0:048 �0:00574



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:0032 0:4 35 0:035 �0:0040:005 0:4 35 0:029 �0:0030:008 0:4 35 0:023 �0:0020:013 0:4 35 0:024 �0:0020:02 0:4 35 0:027 �0:0030:00078 0:65 35 0:079 �0:0140:0012 0:65 35 0:041 �0:0040:002 0:65 35 0:042 �0:0040:0031 0:65 35 0:037 �0:0040:0049 0:65 35 0:031 �0:0030:0078 0:65 35 0:033 �0:0050:012 0:65 35 0:037 �0:0050:00056 0:9 35 0:010 �0:0070:00089 0:9 35 0:023 �0:0060:0014 0:9 35 0:026 �0:0050:0022 0:9 35 0:021 �0:0030:0036 0:9 35 0:027 �0:0040:0056 0:9 35 0:016 �0:0030:0089 0:9 35 0:020 �0:0040:02 0:04 45 0:045 �0:0070:008 0:1 45 0:035 �0:0060:013 0:1 45 0:033 �0:0040:02 0:1 45 0:030 �0:0040:004 0:2 45 0:041 �0:0060:0064 0:2 45 0:033 �0:0030:01 0:2 45 0:025 �0:0030:016 0:2 45 0:016 �0:0030:025 0:2 45 0:025 �0:0030:002 0:4 45 0:036 �0:0070:0032 0:4 45 0:034 �0:0040:005 0:4 45 0:030 �0:0040:008 0:4 45 0:032 �0:0040:013 0:4 45 0:032 �0:0040:02 0:4 45 0:021 �0:0030:0012 0:65 45 0:048 �0:0090:002 0:65 45 0:042 �0:0060:0031 0:65 45 0:037 �0:00475



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:0049 0:65 45 0:027 �0:0030:0078 0:65 45 0:032 �0:0040:012 0:65 45 0:023 �0:0030:00089 0:9 45 0:010 �0:0110:0014 0:9 45 0:030 �0:0090:0022 0:9 45 0:026 �0:0060:0036 0:9 45 0:026 �0:0060:0056 0:9 45 0:032 �0:0070:0089 0:9 45 0:016 �0:0040:013 0:1 60 0:041 �0:0070:02 0:1 60 0:038 �0:0050:0064 0:2 60 0:044 �0:0070:01 0:2 60 0:027 �0:0030:016 0:2 60 0:024 �0:0030:025 0:2 60 0:026 �0:0030:0032 0:4 60 0:041 �0:0080:005 0:4 60 0:031 �0:0040:008 0:4 60 0:028 �0:0040:013 0:4 60 0:029 �0:0060:02 0:4 60 0:026 �0:0060:032 0:4 60 0:025 �0:0040:002 0:65 60 0:037 �0:0080:0031 0:65 60 0:036 �0:0050:0049 0:65 60 0:032 �0:0040:0078 0:65 60 0:028 �0:0040:012 0:65 60 0:021 �0:0030:02 0:65 60 0:022 �0:0040:0014 0:9 60 0:015 �0:0150:0022 0:9 60 0:024 �0:0070:0036 0:9 60 0:025 �0:0060:0056 0:9 60 0:026 �0:0060:0089 0:9 60 0:026 �0:0050:014 0:9 60 0:023 �0:0060:016 0:2 90 0:037 �0:0070:025 0:2 90 0:041 �0:0060:008 0:4 90 0:030 �0:0070:013 0:4 90 0:028 �0:00576



Table 4: H1 di�rative data (ontinued)xIP � Q2 (GeV2) xIPFD(3)2 �stat0:02 0:4 90 0:021 �0:0040:032 0:4 90 0:025 �0:0050:0049 0:65 90 0:032 �0:0080:0078 0:65 90 0:024 �0:0050:012 0:65 90 0:029 �0:0050:02 0:65 90 0:018 �0:0030:0036 0:9 90 0:029 �0:0110:0056 0:9 90 0:015 �0:0060:0089 0:9 90 0:016 �0:0060:014 0:9 90 0:018 �0:0060:022 0:9 90 0:012 �0:0040:032 0:4 120 0:011 �0:0070:02 0:65 120 0:019 �0:0080:031 0:65 120 0:025 �0:0090:049 0:65 120 0:017 �0:0110:022 0:9 120 0:004 �0:004
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