DESY-0?-??? 2nd July 2008 1

Deep inelastic scattering with leading 2 protons or large rapidity gaps at HERA 3

ZEUS Collaboration 4

Abstract 5 The dissociation of virtual photons, γ^⋆p → Xp, in events with a large rapidity gap (LRG) between X and the outgoing proton as well as in events in which the leading proton was directly measured, has been studied with the ZEUS detector at HERA. The data cover photon virtualities Q^2 > 2 GeV^2, γ^∗p centre-of-mass energies 40 < W < 240, with M_X > 2 GeV, where M_X is the mass of the hadronic final state, X. Leading protons were detected in the ZEUS leading proton spectrometer. The cross section is presented as a function of t, the squared four-momentum transfer at the proton vertex and Φ, the azimuthal angle between the positron scattering plane and the proton scattering plane; it is also shown as a function of Q^2 and x_{IP} , the fraction of the proton’s momentum carried by the diffractive exchange, as well as β, the Bjorken variable defined with respect to the diffractive exchange. 6

1 Introduction 7 In diffractive hadron-hadron or photon-hadron collisions, the initial-state particles un- 8 dergo a “peripheral” collision, in which either the particles stay intact (elastic scattering), 9 or dissociate into low-mass states (diffractive dissociation). The scattered hadron (or the 10 low-mass state in the dissociative case) has energy equal, to within a few per cent, to that 11 of the incoming hadron, and very small transverse momentum. Such interactions can be 12 parameterised in the framework of Regge phenomenology, where they are ascribed to the 13 exchange of a trajectory with vacuum quantum numbers, the Pomeron trajectory [1]. In 14 the same framework, events in which the hadron loses a somewhat higher fraction of its 15 energy are ascribed to the exchange of Reggeon and pion trajectories. 16 Significant progress has been made in understanding diffraction in terms of perturbative 17 Quantum Chromo-Dynamics (pQCD) by studying the diffractive dissociation of virtual 18 photons, γ^⋆p → Xp, in deep inelastic ep scattering (DIS) at HERA. The part of the DIS 19 cross section due to such processes may be expressed in terms of the diffractive parton 20 distribution functions (PDFs) of the proton. Diffractive PDFs are defined as the proton 21 PDFs probed when the proton emerges intact from the hard interaction, suffering only a 22 small energy loss. 23 At high centre-of-mass energy, diffractive ep scattering is characterised by the presence of 24 a leading proton in the final state carrying most of the proton beam energy and, conse- 25 quently, by the presence of a large rapidity gap (LRG) in the forward (proton) direction. 26 Both of these signatures have been exploited at the HERA collider to select samples 27 enriched with diffractive events. Alternatively, a method has been used to statistically 28 determine the number of diffractive events based on the expected difference in shape 29 of the distributions of the invariant mass, M_X , seen by the detector for diffractive and 30 non-diffractive events. These approaches are subject to different systematic uncertainties. 31 This paper presents results based on the detection of a leading proton or of a large 32 rapidity gap. The same data have also been analysed in terms of the shape of the M_X 33 distribution [2]. For the proton-tagged sample, the ZEUS leading proton spectrometer 34 (LPS) was used; this data sample has events with scattered protons carrying at least 90% 35 of the incoming proton energy (x_L > 0.9). The LPS events include a contribution from 36 non-diffractive events and allow the transition between the diffractive and non-diffractive 37 regions to be studied. In the LRG sample, the proton momentum is not measured, but 38 events are selected on the basis of the variable x_{IP} , which is the fraction of the proton’s 39 momentum carried by the diffractive exchange, x_{IP} ≃ 1 − x_L. Events in the LRG sample 40 are required to have x_{IP} < 0.02 and thus the sample mainly consists of diffractive events [3]. 41 The kinematic region covered by the LRG and LPS results includes photon virtualities 42 2 < Q^2 < 305 GeV^2 (LRG) or 2 < Q^2 < 120 GeV^2 (LPS), photon-proton centre-of-mass 43

energies 40 < W < 240 GeV and proton fractional momentum losses 0.0002 < x_{IP} < 0.02 44 (LRG) or 0.0002 < x_{IP} < 0.1 (LPS). 45 2 Experimental set-up 46 The data used for this measurement were taken with the ZEUS detector at the HERA 47 ep collider in the years 1999 and 2000, when HERA collided positrons of 27.5 GeV with 48 protons of 920 GeV. The data used for the LRG and LPS analyses correspond to integrated 49 luminosities of 62.2 pb^{−1} and 32.6 pb^{−1}, respectively. The LRG and LPS samples were 50 collected simultaneously: 0.7% of the LRG events have a proton measured in the LPS 51 and 35% of the LPS events are also contained in the LRG sample. 52 A detailed description of the ZEUS detector can be found elsewhere [4,5]. A brief outline 53 of the components that are most relevant for this analysis is given below. 54 Deep inelastic scattering events were identified using information from the uranium- 55 scintillator calorimeter (CAL), the forward plug calorimeter (FPC), the central tracking 56 detector (CTD), the small angle rear tracking detector (SRTD) and the rear part of the 57 hadron-electron separator (RHES). 58 Charged particles were tracked in the CTD [6]. The CTD consisted of 72 cylindrical 59 drift chamber layers, organised in nine superlayers covering the polar-angle^1 region 15^∘ < 60 θ < 164^∘. The CTD operated in a magnetic field of 1.43 T provided by a thin solenoid. 61 The transverse-momentum resolution for full-length tracks was σ(p_T )/p_T = 0.0058p_T ⊕ 62 0.0065 ⊕ 0.0014/p_T , with p_T in GeV. 63 The CAL [7] consisted of three parts: the forward (FCAL), the barrel (BCAL) and 64 the rear (RCAL) calorimeters. Each part was subdivided transversely into towers and 65 longitudinally into one electromagnetic section (EMC) and either one (in RCAL) or two (in 66 BCAL and FCAL) hadronic sections (HAC). The smallest subdivision of the calorimeter 67 was called a cell. The CAL energy resolutions, as measured under test-beam conditions, 68 were σ(E)/E = 0.18/ √ E for electrons and σ(E)/E = 0.35/ √ E for hadrons, with E 69 in GeV. 70 The position of electrons scattered at small angles to the electron-beam direction was 71 determined including the information from the CAL and the SRTD [8, 9]. The SRTD 72 was attached to the front face of the RCAL and consisted of two planes of scintillator 73 strips, 1 cm wide and 0.5 cm thick, arranged in orthogonal orientations. Ambiguities in 74 1 The ZEUS coordinate system is a right-handed Cartesian system, with the Z axis pointing in the proton direction, referred to as the “forward direction”, and the X axis pointing left towards the centre of HERA. The coordinate origin is at the nominal interaction point.

SRTD hits were resolved with the help of the RHES [10], which consisted of a layer of 75 approximately 10,000 (2.96 × 3.32 cm^2) silicon-pad detectors inserted in the RCAL at a 76 depth of 3.3 radiation lengths. 77 The FPC [11] was used to measure the energy of particles in the pseudorapidity range 78 η ≈ 4.0−5.0. It was a lead-scintillator sandwich calorimeter read out by wavelength-shifter 79 (WLS) fibers and photomultipliers (PMT). It was installed in the 20 × 20 cm^2 beam hole 80 of FCAL. The FPC had outer dimensions of 19.2 × 19.2 × 108 cm^3 and had a central hole 81 of 3.15 cm radius to accommodate the beam pipe. In the FPC, 15 mm thick lead plates 82 alternated with 2.6 mm thick scintillator layers. The FPC was subdivided longitudinally 83 into an electromagnetic (10 layers) and a hadronic section (50 layers) representing a total 84 of 5.4 nuclear absorption lengths. The energy resolution for electrons, as measured in a 85 test beam, was σ_E /E = (0.41 ± 0.02)/ √ E ⊕ 0.062 ± 0.002, with E in GeV. When installed 86 in the FCAL, the energy resolution for pions was σ_E /E = (0.65 ± 0.02)/ √ E ⊕ 0.06 ± 0.01, 87 with E in GeV, and the e/h ratio was close to unity. 88 The LPS [12] detected positively charged particles scattered at very small angles and 89 carrying a substantial fraction, x_L, of the incoming proton momentum; these particles 90 remained in the beam pipe and their trajectories were measured by a system of silicon 91 microstrip detectors that could be inserted very close (typically a few mm) to the proton 92 beam. The detectors were grouped in six stations, S1 to S6, placed along the beam line 93 in the direction of the proton beam, between 23.8 m and 90.0 m from the interaction 94 point. The particle deflections induced by the magnets of the proton beam line allowed 95 a momentum analysis of the scattered protons. Only stations S4, S5 and S6 covered 96 the kinematic region of the present measurement. The resolutions were about 0.5% on 97 the longitudinal momentum fraction and about 5 MeV on the transverse momentum. 98 The effective transverse-momentum resolution was dominated by the intrinsic transverse- 99 momentum spread of the proton beam at the interaction point, which was about 45 MeV 100 in the horizontal plane and about 100 MeV in the vertical plane. The LPS acceptance 101 was approximately 2% and x_L-independent for x_L∼>0.98; it increased smoothly to about 102 10% as x_L decreased to 0.9. 103 The luminosity was determined from the rate of the bremsstrahlung process ep → eγp. 104 The photon was measured in a lead-scintillator calorimeter [13] placed in the HERA tunnel 105 at Z = −107 m. 106 3 Kinematics and cross sections 107 Figure 1 shows a schematic diagram of the process ep → eXp. The kinematics of this 108 reaction is described by the following variables: 109

• Q^2 = −q^2 = −(k − k^′)^2, the negative four-momentum squared of the virtual photon 110 (γ^⋆), where k (k^′) is the four-momentum of the incident (scattered) positron; 111 • W^2 = (q +P )^2, the squared centre-of-mass energy of the photon-proton system, where 112 P is the four-momentum of the incident proton; 113 • x = Q^2/(2P · q), the fraction of the proton momentum carried by the quark struck by 114 the virtual photon in the infinite momentum frame (the Bjorken variable); 115 • y = (q · p)/(k · p), the fraction of the positron energy transfer to the proton in the 116 proton rest frame; 117 • M^2_X = (q+P −P^′)^2, the squared mass of the system X, where P^′ is the four-momentum 118 of the scattered proton; 119 • t = (P − P^′)^2, the squared four-momentum transfer at the proton vertex; 120 • Φ, the angle between the positron scattering plane and the proton scattering plane in 121 the γ^⋆p centre-of-mass frame. 122 The variables Q^2, W and x are related by x = Q^2/(Q^2 + W^2 − M^2_p ), where M_p is the 123 proton mass. 124 The two dimensionless variables x_{IP} and β can be used instead of M_X and W ; they are given by x_{IP} = (P − P^′) · q P · q = Q^2 + M^2_X − t Q^2 + W^2 − M^2_p

, (1) β = Q^2 2(P − P^′) · q = Q^2 Q^2 + M^2_X − t

. (2)

The quantities x_{IP} and β are related to x by x_{IP} β = x. The variable β is the Bjorken 125 variable defined with respect to the four-momentum of the exchanged object. 126 The cross section for the reaction ep → eXp can be expressed in terms of the structure function F^{D(4)}_2 or of the reduced diffractive cross section σ^{D(4)}r , which are defined by the equations dσ^{ep→eXp} dβdQ^2dx_{IP} dt = 4πα^2 βQ^4 [ 1 − y + y^2 2(1 + R^D) ] F^{D(4)}_2 (β, Q^2, x_{IP} , t), dσ^{ep→eXp} dβdQ^2dx_{IP} dt = 4πα^2 βQ^4 [ 1 − y + y^2 2 ] σ^{D(4)}_r (β, Q^2, x_{IP} , t) . (3)

The quantity R^D = σ^{γ⋆p→Xp}_L /σ^{γ⋆p→Xp}_T is the ratio of the cross sections for longitudinally 127 and transversely polarised virtual photons. The longitudinal structure function F^D_L is 128 related to R^D via F^D_L = F^D_2 R^D/(1 + R^D). The diffractive reduced cross section and the 129 diffractive structure function coincide if R^D = 0. Since R^D has not been measured, the 130 results will be presented in terms of the diffractive reduced cross section. 131

The structure function F^{D(3)}_2 (β, Q^2, x_{IP} ) and the reduced cross section σ^{D(3)}r (β, Q^2, x_{IP} ) are obtained by integrating F^{D(4)}_2 and σ^{D(4)}r over t,

F^{D(3)}_2 (β, Q^2, x_{IP} ) = ∫ F^{D(4)}_2 (β, Q^2, x_{IP} , t)dt ;

σ^{D(3)}_r (β, Q^2, x_{IP} ) = ∫ σ^{D(4)}_r (β, Q^2, x_{IP} , t)dt . The Φ dependence of the cross section is sensitive to the interference between the longitudinal and transverse amplitudes; the sensitivity to these interference terms disappears when Φ is integrated over. For unpolarised positrons and protons, the cross section can be decomposed as dσ^{ep→eXp} dΦ ∝ σ^{γ⋆p→Xp} T + ϵσ^{γ⋆p→Xp} L − 2 √ ϵ(1 + ϵ)σ^{γ⋆p→Xp} LT cos Φ − ϵσ^{γ⋆p→Xp}_{T T} cos 2Φ , (4) where σ^{γ⋆p→Xp} LT is due to the interference term between the amplitudes for longitudinal 132 and transverse polarisations of the virtual photon and σ^{γ⋆p→Xp}_{T T} is due to the interference 133 term between the amplitudes for the two transverse polarisations. The parameter ϵ is 134 defined as ϵ = 2(1 − y)/[1 + (1 − y)^2]. 135 4 Methods of selecting diffraction 136 The kinematic properties of diffractive DIS, ep → eXp, imply the following for the final- 137 state proton and the hadronic system X: 138 • the proton suffers only a small perturbation and emerges from the interaction carrying 139 a large fraction, x_L, of the incoming proton momentum. Diffractive events appear as 140 a peak at x_L ≈ 1, the diffractive peak, which at HERA extends down to x_L about 141 0.98 [14]. The absolute value of the four-momentum-transfer squared, |t|, is typically 142 smaller than 1 GeV^2, with ⟨|t|⟩ ≈ 0.15 GeV^2 [14]; 143 • the difference in rapidity between the outgoing proton and the system X is Δη ≈ 144 ln (1/x_{IP} ) [15]. Since the cross section increases with decreasing x_{IP} , most of the events 145 have small x_{IP} and therefore a large separation in rapidity between the outgoing proton 146 and any other hadronic activity in the event is expected; 147 • conservation of momentum implies that the system X must have a small mass (M_X ) 148 with respect to the photon-proton centre-of-mass energy, since 1 − x_L ∼> M^2_X /W^2. 149 Conversely, in non-diffractive DIS, both the hadronic system associated with the struck 150 quark, which is largely measured in the detector, and that of the proton remnant, which 151 peaks in the forward direction, originate from the hadronisation of colour-connected states. 152

In this case, the distribution of the final-state particles is governed by conventional frag- 153 mentation and particles are emitted roughly uniformly in rapidity along the γ^⋆p axis. 154 Rapidity gaps are thus expected to be exponentially suppressed [16]. 155 To select diffractive events one can therefore either detect the final-state proton (proton- 156 tagging method) or exploit the different characteristics of the system X in diffractive and 157 non-diffractive events (hadronic methods). 158 In the hadronic methods, events with high M_X values are not accessible since the non- 159 diffractive background grows with M_X and the rapidity gap becomes more and more 160 forward (and eventually becomes confined to the beam pipe). In addition, the measured 161 cross section includes a contribution from events of the type ep → eXN, in which the 162 proton also dissociates into a low mass state, N, separated from X by a rapidity gap. 163 Hadrons from the system N can either escape undetected into the forward beam pipe or 164 fall into the detector acceptance. The mass of the system N thus enters as additional 165 variable, and the observed particles must be assigned either to N or to X. The con- 166 tribution from proton-dissociative events must be estimated from a Monte Carlo (MC) 167 simulation. While these limitations add to the systematic uncertainties, the statistical 168 precision of the results is good thanks to the high acceptance of the central detector. 169 Although the acceptance is not limited in t, no measurement of t is possible because of 170 the poor resolution on the transverse momentum of the system X. 171 High-x_L samples selected by the proton-tagging method have little or no background 172 from proton-dissociative events or from non-diffractive DIS. They also allow a direct 173 measurement of the variables t, Φ and x_{IP} , and give access to higher values of M_X . 174 The statistical precision, however, is poorer than for the results obtained using hadronic 175 methods because of the small acceptance of the proton taggers – approximately 2% in the 176 diffractive-peak region in the present analysis. 177 At HERA, several diffractive analyses based on the scattered proton measurement have 178 been carried out [14, 17–19]. Analyses with the hadronic methods have been performed 179 with event selections based both on the presence of forward large rapidity gaps (LRG 180 method) [20, 21] and on the small masses of the system X (M_X method) [2, 18, 22]. 181 The results presented here are based both on the leading-proton detection by means of 182 the LPS (LPS method) and on the LRG method. No attempt is made to isolate the 183 Pomeron contribution, i.e. diffraction in the strict sense of the term, from contributions 184 due to Reggeon and pion trajectories or non-diffractive DIS: only the contribution of 185 proton-dissociative events is statistically subtracted. 186

5 Reconstruction of the kinematic variables 187 The identification of the scattered positron was based on a neural network [23] using 188 information from the CAL. If the positron was at angles large enough to fall in the CTD 189 acceptance, a CTD track was required. The variables W and Q^2 were reconstructed using 190 a combination of the electron method and the double angle method [24]. 191 In the LPS analysis, the longitudinal (p_Z ) and transverse (p_X , p_Y ) momenta of the scattered proton were measured. The fractional energy of the outgoing proton, x_L, was defined as x_L = p_Z /E_p, where E_p is the incoming proton energy. The variable t is given by t = − p^2_T x_L − (1 − x_L)^2 x_L M^2_p , (5)

where p_T is the transverse momentum of the proton with respect to the incoming beam 192 direction. The t resolution is approximately 0.14 GeV √ |t|, with |t| in GeV^2, and is 193 dominated by the angular spread of the HERA proton beam. The proton and the positron 194 momenta were used to determine Φ, the azimuthal angle between the positron and proton 195 scattering planes in the γ^⋆p frame. The resolution in Φ is approximately 0.2 rad. 196 The four-momentum of the system X was determined from both calorimeter and tracking 197 information. The energy deposits in the CAL and the track momenta measured in the 198 CTD were combined in energy flow objects (EFOs) [25,26] to obtain the best momentum 199 resolution. The EFOs were corrected for energy losses due to the inactive material of the 200 detector. The mass M_X was evaluated as 201

M^2_{X,EFO} = (∑ E_i )_2 − (∑ p_{X,i} )_2 − (∑ p_{Y,i} )_2 − (∑ p_{Z,i} )_2 , where (E_i, p_{X,i}, p_{Y,i}, p_{Z,i}) is the momentum four-vector of the i^{th} EFO and the sum runs 202 over all EFOs not assigned to the scattered positron. 203 In the LPS analysis, the mass M_X was also determined from the outgoing proton momen- 204 tum as reconstructed in the LPS, 205

M^2_{X,LPS} = [1 − x_L(1 + x)]W^2 .

The best resolution on M_X is obtained with M_{X,EFO} when M_X is small and with M_{X,LPS} for large values of M_X , so M_X was reconstructed as

M^2_X = w_{EFO}M^2_{X,EFO} + w_{LPS}M^2_{X,LPS} , (6) where the weights w_{EFO} and w_{LPS} are inversely proportional to the corresponding resolu- 206 tions, and w_{EFO} + w_{LPS} = 1. The relative M_X resolution is then 0.35/ √ M_X + 0.08, with 207 M_X in GeV. 208 The variables x_{IP} and β were obtained from Eqs. (1) and (2), using the measured values 209 of Q^2, W , M_X and neglecting t, since |t| ≪ Q^2, M^2_X . 210 The variable y was reconstructed as y_{JB} = ∑_{(Ei−pZ,i)} 2E_e , where the sum is over all EFOs not 211 assigned to the scattered positron and E_e is the energy of the incident positron (“Jacquet- 212 Blondel method” [27]). 213 6 Event selection 214 The data used for the analysis were selected at the trigger level [4, 28] by requiring the 215 presence of a scattered positron in the CAL. The trigger selection of the LRG data also 216 required that the energy deposited in the FPC be smaller than 20 GeV. For the LPS data, 217 a scattered proton was required in the LPS. 218 In the offline selection the following cuts were imposed: 219 • the energy of the scattered positron was required to be larger than 10 GeV. The posi- 220 tion of the scattered positron was required to be within the fiducial region of the CAL. 221 This is defined by a set of cuts [29] which remove regions where the inactive material 222 is not adequately simulated or where the positron shower is not fully contained; 223 • the requirement 45 < (E − P_Z ) < 65 GeV was imposed. Here E − P_Z = ∑ (E_i − p_{Z,i}) 224 and the summation runs over all EFOs including the scattered positron. This cut 225 reduces the size of the QED radiative corrections and the photoproduction background, 226 where the scattered positron escapes undetected in the rear beam hole; 227 • the Z coordinate of the interaction vertex was required to be in the range −50 < Z < 228 50 cm. Events without a measured vertex were assigned to the nominal interaction 229 point; 230 • events with two electron candidates, of which at least one lacked an associated track, 231 and which were back-to-back within 5^∘ in the azimuthal plane, were rejected. This cut 232 removed the contribution of QED Compton scattering and deeply virtual Compton 233 scattering. 234 For the LRG sample, the presence of a rapidity gap between the hadronic final-state X and 235 the outgoing proton was ensured by requiring that the energy deposited in the FPC, E_{FPC}, 236 be smaller than 1 GeV and by demanding η^{CAL}_{max} < 3. Here η^{CAL}_{max} is the pseudorapidity of 237 the most forward EFO with energy above 400 MeV in the CAL. This combination of cuts 238

ensures a rapidity gap of at least two units between the outgoing proton direction and the 239 hadronic final state measured in the CAL, and suppresses background from non-diffractive 240 and proton-dissociative processes. 241 The following requirements were used to select the scattered proton measured in the LPS: 242 • only events with p_X < 0 were used as for the present sample the LPS acceptance for 243 p_X > 0 was low; 244 • the candidate proton was tracked along the beam line and was rejected if the distance 245 of closest approach to the beam pipe was less than 0.2 cm. It was also rejected if 246 the X position of the track impact point at station S4 (upper part) was smaller than 247 −3.0 cm. These cuts reduce the sensitivity of the acceptance to the uncertainty in the 248 position of the beam-pipe apertures; 249 • beam-halo background is caused by scattered protons with energy close to that of 250 the beam, originating from the interaction of a beam proton with the residual gas 251 in the beam pipe or with the collimators. A beam-halo proton may overlap with a 252 standard non-diffractive DIS event. In this case, the proton measured in the LPS is 253 uncorrelated with the activity in the central detector. This background was suppressed 254 by the requirement that the sum of the energy and the longitudinal component of the 255 total momentum measured in the CAL and the LPS be less than the kinematic limit 256 of twice the incoming proton energy: E + P_Z ≃ (E + P_Z )_{CAL} + 2p^{LPS}_Z < 1860 GeV. 257 This cut takes into account the resolution of the measurement of p^{LPS}_Z . The residual 258 beam-halo background and its subtraction are discussed in Section 9. 259 • the variable t was required to be in the range 0.09 < |t| < 0.55 GeV^2. This cut 260 eliminates regions where the LPS acceptance was small or rapidly changing. 261 The LRG analysis was further restricted to the regions 2 < Q^2 < 305 GeV^2, 40 < W < 262 240 GeV, 2 < M_X < 25 GeV and 0.0002 < x_{IP} < 0.02; the average Q^2 value is 13 GeV^2. 263 For the LPS sample, the region selected was 2 < Q^2 < 120 GeV^2, 40 < W < 240 GeV, 264 2 < M_X < 40 GeV and 0.0002 < x_{IP} < 0.1; the average Q^2 value for the LPS sample is 265 11 GeV^2. These selections yielded 708,851 events for the LRG analysis and 15,130 for the 266 LPS analysis. 267 7 Monte Carlo simulation and acceptance corrections 268 Monte Carlo simulations were used to correct the data for acceptance and detector effects. 269 Diffractive events were simulated with the Satrap generator [30], which is based on 270 the saturation model of Golec-Biernat and Wüsthoff [31]. Satrap is embedded in the 271 Rapgap framework [32]. The version of Satrap used here is identical to that used in 272

a previous ZEUS publication [2], except for some reweighting to describe the measured 273 distributions for the higher-x_{IP} events, where Reggeon and pion exchanges become signif- 274 icant. 275 Diffractive events were also modelled with Rapgap 2.08/06 [32], which is based on the model of Ingelman and Schlein [33] and assumes Regge factorisation: the structure function F^{D(4)}_2 is expressed as the sum of separately factorisable Pomeron and Reggeon contributions,

F^{D(4)}_2 (x_{IP} , t, β, Q^2) = f_{IP} (x_{IP} , t)F^{IP}_2 (β, Q^2) + f_{IR}(x_{IP} , t)F^{IR}_2 (β, Q^2) . (7)

The Pomeron and Reggeon fluxes, f_{IP,IR}(x_{IP} , t), were parameterised [1] as f_{IP,IR}(x_{IP} , t) = e^{bIP,IR0 t} x^{2αIP,IR(t)−1} IP , (8)

with linear trajectories α_{IP,R}(t) = α_{IP,IR}(0) + α^′_{IP,IR}t, and with the values of the parameters 276 taken from hadron-hadron data [34]. The Pomeron structure function F^{IP}_2 (β, Q^2) was 277 taken from the H1 measurements [35] (fit 2). The structure function F^{IR}_2 is unknown and 278 was approximated with that of the pion [36]. 279 The process of QCD radiation was simulated differently in the two MC samples. In the 280 Satrap sample, a parton-shower model as implemented in Meps [37] was used. In the 281 Rapgap sample, higher-order QCD radiation was simulated with Ariadne [38]. In 282 both cases hadronisation was simulated with the Lund string model as implemented in 283 Jetset [39, 40]. 284 Initial- and final-state QED radiation was simulated by using Satrap or Rapgap in 285 conjunction with Heracles 4.6 [41]. The measurements were corrected for these effects 286 and the cross sections are presented at the Born level. 287 The inclusive DIS events were simulated with Djangoh 1.1 [42], where the CTEQ4D [43] 288 parameterisation of the proton-parton densities was used. 289 The Pythia 6.2 generator [44] was used to study the photoproduction background as well 290 as the proton-dissociative contribution (see Section 9.1). Events in the proton-dissociative 291 MC sample were reweighted such as to give a good description of all measured variables 292 in the data control-samples. 293 All generated events were passed through the standard ZEUS detector simulation, based 294 on the Geant 3.13 program [45], and through the trigger simulation package. The 295 measurements were corrected for detector acceptance and resolution, and for radiative 296 effects, with suitable combinations of the various MC models. A comparison of data and 297 MC simulations for the LRG analysis is presented in Fig. 2 for the variables η^{CAL}_{max} , M_X , 298

Q^2, W , x_{IP} and β. The simulation is in satisfactory agreement with the data in the 299 region of interest, indicated by vertical lines in the plots. A similar comparison for the 300 LPS analysis is presented in Fig. 3 for the variables x_L, |t|, Q^2, W , M_X , and x_{IP} . The 301 simulation reproduces the data reasonably well. The diffractive peak is evident in Fig. 3a. 302

8 Cross section extraction 303 The diffractive reduced cross section at a given point within a bin was obtained from 304 the ratio of the background-subtracted number of events to the number of events in that 305 bin predicted from the MC simulation, multiplied by the Born-level reduced cross section 306 used in the MC generator. Both the acceptance and the bin-centring corrections were 307 thus taken from the MC simulation. 308 For the LPS data, the cross section was directly measured only in a limited t region and 309 extrapolated to 0 < |t| < 1 GeV^2 assuming an exponential t-dependence, dσ^{ep→eXp}/dt ∝ 310 exp (−b|t|), with b = 7.0 GeV^{−2}. The effect of the extrapolation is to increase the cross 311 section by a factor of about two; this factor is largely independent of the measured kine- 312 matic variables. Data from elastic and p-dissociative pp and p̄p scattering indicate that 313 the t distribution is better described by the function exp (−b|t| + ct^2). For example, fits 314 to the p̄p data at √ s = 546 GeV [46] yield c = 2.3±0.1 GeV^{−4}. In the extrapolation to the 315 range 0 < |t| < 1 GeV^2, c was nominally set to zero and changed up to 4 GeV^{−4}, yielding 316 changes in the extrapolated cross section of up to 9% (setting c to 2 GeV^{−4} changes the 317 cross section by 6%). This effect was included in the normalisation uncertainty discussed 318 in Section 10. 319

9 Backgrounds 320 9.1 LRG analysis 321 The main source of background in the LRG sample comes from events of the type ep → 322 eXN, in which the proton dissociates into a low-mass system, N. The proton-dissociative 323 system can either escape entirely undetected in the forward beam-pipe or leak partially 324 into the detector acceptance and therefore be measured by the FPC and the CAL. In the 325 former case, the background events are included in the measured cross section, so that 326 they bias the normalisation. As indicated by MC simulations, in the latter case most of 327 the events are rejected by the FPC veto and by the η^{CAL}_{max} cut. 328

The ratio of the LPS to the LRG results measures the fraction of proton-dissociative 329 events in the LRG sample. The ratio is 0.76 ± 0.01(stat.)^{+0.03}_{−0.02}(syst.)^{+0.08}_{−0.05}(norm.) and is 330 independent of Q^2, x_{IP} and β, as discussed in Section 11.4; the last uncertainty reflects 331 the normalisation uncertainties, mostly due to the LPS data. The percentage of proton- 332 dissociative events in the LRG sample is therefore 24 ± 1(stat.)^{+2}_{−3}(syst.)^{+5}_{−8}(norm.)%. 333 The contribution of proton-dissociative events to the measured cross sections was also esti- 334 mated with Pythia. A sample of proton-dissociative data was selected in two alternative 335 ways: 336 • by requiring η^{CAL}_{max} < 2 and E_{FPC} > 1 GeV, and the remaining selection as described in 337 Section 6 for the LRG events (this will be referred to as FPC PDISS sample); 338 • by adding to the selection described in Section 6 for the LRG events the requirement 339 that a proton be measured in the LPS with 0.5 < x_L < 0.9 (LPS PDISS sample). 340 The generated MC distributions for M_N , M_X and Q^2 were reweighted to best describe 341 these data samples, in particular the E_{FPC} distribution in the FPC PDISS sample and the 342 x_L distribution in the LPS PDISS sample. The median of the generated M_N distribution 343 in Pythia is 1.7 GeV. The median of the same distribution for the events which pass 344 all analysis cuts is 1.6 GeV. Figures 4a and 4b show the comparison of Pythia with the 345 proton-dissociative samples FPC and LPS PDISS as a function E_{FPC} and x_L, respectively. 346 Also shown in Figs. 4c-e is the fraction of proton-dissociative events expected in the LRG 347 sample as a function of Q^2, β and x_{IP} . This fraction, obtained separately from the LPS 348 and FPC PDISS sample, is constant at the level of 25% in both cases. The average of the 349 FPC and LPS estimates provides a measurement of the proton-dissociative contribution 350 to the LRG sample of 25±1(stat.)±3(syst.)%, consistent with the ratio of the LPS to LRG 351 results quoted above. The systematic uncertainty was estimated by varying the shape of 352 the generated M_N distribution, by changing the FPC cut as well as the η^{CAL}_{max} cut and 353 by taking into account the LPS normalisation uncertainty. The combination of the LPS 354 and FPC PDISS samples covers nearly the whole M_N spectrum, including the lowest M_N 355 values. This fact, along with the agreement with the LPS to LRG ratio, lends support to 356 the present estimate of the proton dissociation background. A background contribution 357 of R_{diss} = 25±1(stat.) ±3(syst.)% was therefore subtracted from the data^2. Unless stated 358 otherwise, all results are thus given for the reaction ep → eXp, i.e. M_N = M_p. 359 The Pythia generator was also used to evaluate the photoproduction background, which 360 arises from low-Q^2 events in which the scattered positron escapes undetected in the rear 361 direction and one of the final-state hadrons is misidentified as a positron. The largest 362 2 In terms of the ratio R_{MX} = 1/(1 − R_{diss}) used elsewhere [14, 18], this background contribution corresponds to R_{MX} = 1.33 ± 0.02(stat.) ± 0.05(syst.).

contribution was found in the lowest Q^2 bin (2 < Q^2 < 3 GeV^2), where it was about 1.2%. 363 This background was neglected. 364 The contribution of non-diffractive events, estimated with Djangoh 1.1, was found to 365 be roughly 10% in the highest x_{IP} bin (0.01 < x_{IP} < 0.02) and to decrease rapidly with 366 decreasing x_{IP} . This background was not subtracted but bins in which the contribution 367 was larger than 10% were rejected. 368

9.2 LPS analysis 369 The main background contribution in the LPS sample at high x_L is given by proton beam- 370 halo events. In such events, the proton detected in the LPS is not correlated with the 371 measurements in the central detector. To estimate this background, the variable E + P_Z 372 (see Section 6) was used. For a signal event, this quantity should be equal to twice the 373 initial proton energy, 1840 GeV, whereas for a beam-halo event it can exceed this value. 374 The E + P_Z spectrum for the beam-halo events was constructed as a random combination 375 of a generic DIS event (without the requirement of a track in the LPS) and a beam-halo 376 track measured in the LPS, uncorrelated with the measurement in the main detector; 377 here P_Z includes the contribution of the energy deposition in the CAL and the proton 378 momentum measured in the LPS. The resulting distribution, shown in Fig. 5 as the 379 histogram, was normalised to the data for E+P_Z > 1925 GeV; this part of the distribution 380 contains beam-halo events only. The background remaining after the cut at E + P_Z < 381 1860 GeV averages to 3.0 ± 0.1 (stat.)%. This background is a decreasing function of x_{IP} . 382 The results presented in this paper were corrected for this background. 383 The contribution from proton-dissociative events, ep → eXN, studied with Pythia, was 384 around 9% at x_{IP} = 0.1, decreasing rapidly with decreasing x_{IP} . In the region x_{IP} < 0.02, 385 this background is negligible. All results were corrected for this background. 386 The photoproduction background was negligible. 387 10 Systematic uncertainties 388 The systematic uncertainties were estimated [12,14,29,47,48] by varying the cuts and by 389 modifying the analysis procedure. The variations of the cuts were typically commensurate 390 with the resolutions of the relevant variables. 391 For each systematic check, the average effect on the cross section in the measured bins is 392 indicated using the notation (^{+a}_{−b} ). Given a systematic check which produces an increase of 393

the cross section in some bins and a decrease in some other bins, a is the average increase 394 and b is the average decrease. 395 For both the LPS and LRG analyses, the following checks were performed: 396 • to evaluate the uncertainties due to the measurement of the scattered positron, the 397 fiducial region for the impact position of the positron on the face of the CAL around 398 the rear beam pipe was enlarged by 1 cm (^{+1.2}_{−0.2})%; 399 • the minimum energy of the positron was increased to 12 GeV (^{+0.2}_{−0.3})%; 400 • the minimum value of E − P_Z was raised to 47 GeV (^{+1.0}_{−0.7})%; 401 • the cut on the Z coordinate of the vertex was restricted to −40 < Z < 40 cm (^{+0.5}_{−0.5})%; 402 • the systematic uncertainty due to the uncertainty in the absolute calorimeter energy 403 calibration was estimated by changing the energy scale by ±2% in the data, separately 404 for the scattered positron (^{+2.5}_{−2.3})% and the hadronic system (^{+2.3}_{−2.3})%; this was done in 405 the data but not in the MC; 406 • the x_{IP} distribution in the MC was reweighted by a factor (x_{IP} /0.01)^k, with k varying 407 between −0.03 and +0.03; the effect was (^{+0.4}_{−0.4})% in the LPS analysis and (^{+3.0}_{−2.9})% in 408 the LRG analysis, the difference being mainly due to the correlation between the x_{IP} 409 and η_{max} variables. 410 For the LRG analysis, the following specific checks were also performed: 411 • the FPC energy cut was lowered to 0.7 GeV (^{+0.5}_{−0.4})%; 412 • the energy threshold on the most forward EFO used to reconstruct η^{CAL}_{max} was lowered 413 to 300 MeV (^{+0.4}_{−0.3})% and increased to 500 MeV (^{+0.2}_{−0.4})%. 414 For the LPS analysis, the following specific checks were also performed: 415 • the cut on the minimum distance of approach to the beam pipe was increased by 416 0.03 cm (^{+0.4}_{−0.8})%; 417 • the t range was restricted to 0.1 < |t| < 0.5 GeV^2 (^{+4.1}_{−5.1})%; 418 • the proton-dissociative background was varied by ±30% (^{+0.9}_{−0.9})%; 419 • the value of the t-slope was changed by ±1 GeV^{−2} (^{+4.0}_{−2.9})%; 420 • the Φ distribution was reweighted by a factor (1 + k cos Φ), with k varying between 421 −0.15 and +0.15 (^{+1.0}_{−0.9})%; 422 • the intrinsic transverse-momentum spread of the proton beam at the interaction point 423 was increased by 5 MeV in the horizontal plane and 10 MeV in the vertical plane 424 (^{+1.6}_{−1.9})%. 425

The total systematic uncertainty for each bin was taken as the quadratic sum of the 426 individual contributions. The effect of using the generator Rapgap for the acceptance 427 corrections instead of Satrap was estimated (^{+9.3}_{−8.6})% but not included in the error bars 428 as Rapgap was found to provide a bad description of the data distributions. 429 For the LPS data, there is also an overall uncertainty of ±7% which originates mostly 430 from the uncertainty of the simulation of the proton-beam optics – largely independent 431 of the kinematic variables, and therefore taken as a normalisation uncertainty. It also 432 includes the uncertainty on the integrated luminosity (±2.25%). 433 In the LPS results integrated over t (σ^{D(3)}r and dσ/dΦ), an additional +9% uncertainty 434 is present, due to the extrapolation from the measured to the full t range (see Section 8). 435 The overall LPS normalisation uncertainty then becomes^{+11}_{−7} %. 436 For the LRG data, the uncertainty on the integrated luminosity (±2.25%) and that on 437 the proton dissociation background (±4%) give an overall normalisation uncertainty of 438 ±5%. 439 11 Results 440 The results in this section are presented as follows. The cross section dσ^{ep→eXp}/dt in the 441 region 0.09 < |t| < 0.55 GeV^2 is discussed first. The data are then integrated over t and 442 extrapolated to the range 0 < |t| < 1 GeV^2, as discussed in Section 8. The resulting 443 cross sections are presented as a function of Φ in Section 11.2, where the sensitivity of the 444 present data to the helicity structure of the reaction ep → eXp is discussed. The LPS data 445 were used for both the t and the Φ cross sections. In Sections 11.3 and 11.4, the data are 446 presented in terms of the diffractive reduced cross sections, σ^{D(4)}r and σ^{D(3)}r . The former 447 was measured, for the first time, in two bins of t, and was obtained from the LPS data. 448 The latter was obtained both from the LPS data, after integration over t, and from the 449 LRG data. In Section 11.5, the x_{IP} dependence of σ^{D(4)}r and σ^{D(3)}r is used to extract the 450 intercept of the Pomeron trajectory, α_{IP} (0), the quantity that, in Regge phenomenology, 451 determines the energy dependence of the total hadron-hadron cross section [1]. 452 The results, for the LPS sample, extend up to x_{IP} = 0.1. In this paper, the LPS data in 453 the diffractive-peak region are often compared with those at high x_{IP} . For this purpose, 454 the value x_{IP} = 0.01 is chosen as the transition between the high- and low-x_{IP} bins, 455 such that the low-x_{IP} bins are dominated by diffractive-peak events, while at higher x_{IP} 456 Reggeon and pion exchanges are important [3]. This choice is somewhat restrictive, since 457 the diffractive peak extends well below x_L = 0.99, see Fig. 3a. In the region x_{IP} < 0.01, 458 the contribution from non-Pomeron exchanges is less than 10%. The average value of x_{IP} 459 is 0.003 for x_{IP} < 0.01 and 0.043 for 0.01 < x_{IP} < 0.1. 460

11.1 t dependence 461 The differential cross-section dσ^{ep→eXp}/dt, obtained from the LPS data in the kinematic 462 range 2 < Q^2 < 120 GeV^2, 2 < M_X < 40 GeV, 40 < W < 240 GeV and 0.09 < |t| < 463 0.55 GeV^2, both for 0.0002 < x_{IP} < 0.01 (diffractive-peak region) and 0.01 < x_{IP} < 0.1, is 464 presented in Fig. 6 and Table 3. 465 The data were fitted with the single-exponential function dσ^{ep→eXp}/dt ∝ e^{−b|t|}. The value 466 of the slope parameter, b, obtained from the fit in the region 0.0002 < x_{IP} < 0.01, is 467 b = 7.0 ± 0.3 GeV^{−2}, with χ^2/ndf=1.8 (ndf=2) when statistical and systematic errors 468 summed in quadrature are used in the fit. This result agrees with the earlier result [14]. 469 In the high x_{IP} region, 0.01 < x_{IP} < 0.1, the fit gives b = 6.9±0.3 GeV^{−2} with χ^2/ndf=1.1, 470 again if the quadratic sum of statistical and systematic uncertainties is used. 471 The values of the t-slope in different bins of Q^2, M_X and x_{IP} are shown in Fig. 7 and 472 Table 4. The diffractive-peak as well as the high-x_{IP} region are shown. The t-slope does 473 not depend on Q^2, M_X and x_{IP} in the measured region. The lack of Q^2 dependence in a 474 wide range of Q^2 as well as a value of b much larger than that measured in hard diffraction 475 (for a recent compilation, see [49]) indicate that inclusive diffractive dissociation in DIS 476 is a soft process. 477 11.2 Φ dependence 478 The azimuthal angle Φ between the positron and proton scattering planes is sensitive to 479 the helicity structure of the reaction ep → eXp, as shown explicitly in Eq. (4). To reduce 480 the Φ dependence of the acceptance, an additional radial cut of 18 cm was imposed on the 481 impact point of the scattered positron at the RCAL surface, along with the restriction 482 Q^2 > 4 GeV^2. These cuts were only applied for the Φ analysis. The LPS data were used. 483 The Φ distribution for the two ranges 0.0002 < x_{IP} < 0.01 and 0.01 < x_{IP} < 0.1 is 484 presented in Figs. 8a and 8b and Table 5. 485 The distributions were fitted to the form dσ^{ep→eXp} dΦ ∝ 1 + A_{LT} cos Φ + A_{T T} cos 2Φ,

where A_{LT} and A_{T T} are proportional to σ^{γ⋆p→Xp}_{LT} and σ^{γ⋆p→Xp}_{T T} , respectively. The values 486 of the azimuthal asymmetries are 487

A_{LT} = −0.036 ± 0.036(stat.)^{+0.016}_{−0.014}(syst.), A_{T T} = −0.030 ± 0.037(stat.)^{+0.022}_{−0.006}(syst.)

and A_{LT} = +0.051 ± 0.024(stat.)^{+0.012}_{−0.011}(syst.), A_{T T} = −0.010 ± 0.024(stat.)^{+0.010}_{−0.009}(syst.)

for the ranges 0.0002 < x_{IP} < 0.01 and 0.01 < x_{IP} < 0.1, respectively. 488 The interference terms between the longitudinal and transverse amplitudes and between 489 the two transverse amplitudes thus appear to be small in the measured kinematic range, 490 both in the diffractive-peak region and at higher x_{IP} values, suggesting that the helicity 491 structure of the reaction ep → eXp is similar for both Pomeron and sub-leading Regge 492 trajectories. 493 Figure 9 presents A_{LT} and A_{T T} as a function of x_{IP} , and for x_{IP} < 0.01 as a function of 494 β, t and Q^2. The asymmetries, also given in Tables 6 and 7, are consistent with zero. 495 The measured values of A_{LT} can be compared with the results obtained in the ex- 496 clusive electroproduction of ρ^0 mesons, ep → eρ^0p, in which the hadronic final state, 497 X, consists of a ρ^0 meson only. In this case, A_{LT} = − √ 2ϵ(1 + ϵ) · (r^5_{00} + 2r^5_{11}) = 498 −0.256 ± 0.030(stat.)^{+0.032}_{−0.022}(syst.), where r^5_{00} and r^5_{11} are two of the ρ^0 spin-density matrix 499 elements [49]. The present data therefore show that the asymmetry is smaller for inclusive 500 scattering than for exclusive ρ^0 electroproduction. 501 There are numerous pQCD-based predictions for the behaviour of A_{LT} [50–53] in the 502 diffractive peak, mostly for β∼>0.9, where the asymmetry is expected to be largest, re- 503 flecting the dominance of σ^{γ⋆p→Xp}_L at large β values. In all calculations, back-to-back 504 configurations, i.e. A_{LT} < 0, are favoured. There is no indication of such a behaviour in 505 the present data; the statistics at high β is however limited. The asymmetry is expected 506 to be close to zero at low β, in agreement with the data. 507 11.3 The reduced cross section σ^{D(4)}_r 508 The LPS data are presented in Fig. 10 in terms of the reduced cross section σ^{D(4)}r in 509 two t bins, 0.09 < |t| < 0.19 GeV^2 and 0.19 < |t| < 0.55 GeV^2, with ⟨|t|⟩ = 0.13 GeV^2 510 and ⟨|t|⟩ = 0.3 GeV^2, respectively. The figure shows x_{IP} σ^{D(4)}r (β, Q^2, x_{IP} , t), also given in 511 Table 8, as a function of x_{IP} for different values of β, Q^2 and |t|. 512 The values of x_{IP} σ^{D(4)}r decrease with x_{IP} at small x_{IP} , indicating that σ^{D(4)}r falls with x_{IP} 513 faster than 1/x_{IP} . At higher x_{IP} values, x_{IP} σ^{D(4)}r flattens and, at low β, increases with x_{IP} , 514 indicating a softer x_{IP} dependence of σ^{D(4)}r . This behaviour can be ascribed to Reggeon 515 and pion exchange. The Regge fit described in Section 11.5 indicates that the shape of 516 the x_{IP} dependence is the same in the two t bins. 517

11.4 The reduced cross section σ^{D(3)}_r 518 The reduced cross section, x_{IP} σ^{D(3)}r , obtained with the LPS method, is shown in Fig. 11 519 and given in Table 9, as a function of x_{IP} for different values of β and Q^2. The same 520 features already discussed for x_{IP} σ^{D(4)}r are seen here. The LPS data are also shown in 521 Fig. 12 compared with the H1 data from the H1 forward proton spectrometer (FPS) [19]. 522 The ZEUS results were extracted in the same Q^2 and β bins as H1 and are therefore not 523 affected by extrapolation uncertainties. The agreement is good. 524 The LRG data, corrected to M_N = M_p, are presented in Figs. 13-14 in terms of the 525 reduced cross section, σ^{D(3)}r . The figures show x_{IP} σ^{D(3)}r (β, Q^2, x_{IP} ), also given in Table 10, 526 as a function of x_{IP} for different values of β and Q^2. The behaviour of x_{IP} σ^{D(3)}r is similar 527 to that observed above for x_{IP} σ^{D(4)}r , with a decrease with x_{IP} at small x_{IP} . 528 Figure 15 shows the ratio of the σ^{D(3)}r values obtained with the LPS method to those 529 obtained with the LRG method, before the subtraction of the proton-dissociative contribu- 530 tion. The ratio is independent of x_{IP} , Q^2 and β and averages to 0.76±0.01(stat.)^{+0.03}_{−0.02}(syst.). 531 The x_{IP} , Q^2 and β dependences of σ^{D(3)}r measured with the LPS method and the LRG 532 method are consistent in the region of overlap. The normalisation difference is ascribed 533 to the proton-dissociative contamination in the LRG sample, as discussed in Section 9.1. 534 The same data, corrected to M_N < 1.6 GeV as described below, are shown as a function 535 of Q^2 in different β bins for x_{IP} = 0.0003, x_{IP} = 0.001, x_{IP} = 0.003 and x_{IP} = 0.01 in 536 Figs. 16-17. The values of x_{IP} σ^{D(3)}r exhibit a logarithmic rise with Q^2 for all β values 537 except in the lowest x_{IP} bin of 0.003 and in the highest β bin of 0.8. The rise observed 538 even at high β suggests that the diffractive PDFs of the proton are gluon-dominated. 539 In Figs. 16-17 the LRG results are compared with those of the H1 Collaboration [20], also 540 obtained with the LRG method. The ZEUS results are measured in the H1 bins and there- 541 fore are not affected by extrapolation uncertainties; they are corrected to M_N < 1.6 GeV, 542 as the H1 data. The correction to M_N < 1.6 GeV for the present data, before the subtrac- 543 tion of the proton-dissociation background, was estimated with Pythia to be 0.91±0.07, 544 independent of β, Q^2 and x_{IP} . In Figs. 16 and 17 the ZEUS results have been therefore 545 scaled down by a factor 0.91. The shape agreement is generally satisfactory. The ZEUS 546 data are higher than the H1 data by 13% on average, as estimated with a global fit to data 547 for Q^2 > 6 GeV^2. This normalisation discrepancy is consistent with the 8% uncertainty 548 on the proton-dissociation correction of 0.91 ± 0.07 combined with the 7% relative nor- 549 malisation uncertainty between the two data sets (±7% for H1 and ± 2.25% for ZEUS). 550 Figures 16-17 are combined in Fig. 18 where the H1 and ZEUS reduced cross sections, 551 the latter scaled down by the factor 0.87 just described, are shown as a function of Q^2 552 in different β and x_{IP} bins. The results of the NLO QCD fit “H1 2006 fit B” [20] is also 553 shown. With the exception of the measurements for Q^2 < 6 GeV^2, the shape agreement 554

between ZEUS and H1 is satisfactory. At fixed β, the Q^2 dependence of the two data 555 sets, taken together, is different for different x_{IP} values. Therefore, the data cannot be 556 described by a single factorisable Regge contribution. 557 Figures 19 and 20 compare the LRG results, corrected to M_N = M_p, to those obtained 558 with the M_X method, referred to as FPCI [22] and FPCII [2]. The LRG and FPCII 559 data were collected simultaneously; the two samples overlap by about 75%. The LRG 560 results were recalculated in the bins used for the M_X -method results. The latter are for 561 M_N < 2.3 GeV, but have been normalised here to the LRG results. The scaling factor 562 applied to the M_X results was 0.83 ± 0.04, estimated with a global fit to the present 563 data and the M_X data; this factor quantifies the amount of residual proton-dissociative 564 background in the M_X method. The overall agreement between the two measurements 565 is satisfactory. The different x_{IP} dependence, more evident at low Q^2, may be ascribed 566 to the fact that in the M_X results the contribution of Reggeon and pion trajectories is 567 suppressed. In the low-Q^2 region, the Q^2 behaviour is slightly different in the two data 568 sets, with the M_X -method results decreasing faster with Q^2 than the LRG results. 569 11.5 Extraction of the Pomeron trajectory 570 In the framework of Regge phenomenology, the x_{IP} dependence of F^{D(4)}_2 and F^{D(3)}_2 is 571 related to the intercept of the Pomeron trajectory, the parameter that drives the energy 572 dependence of the total hadron-hadron cross section at high energies [15]. The Pomeron 573 intercept in soft hadronic interactions is 1.096^{+0.012}_{−0.009} [54]. However, the same parameter 574 is significantly larger in the diffractive production of heavy vector mesons, notably in 575 J/ψ photoproduction (see e.g. [21, 55]), reflecting the rapid rise of the cross section with 576 W . This is a consequence of the increase of the parton densities in the proton at low x, 577 which drives the rise of the cross section with decreasing x, and hence with decreasing 578 x_{IP} (since x_{IP} ∝ 1/W^2 ∝ x). The slope of the Pomeron trajectory of α^′_{IP} = 0.25 GeV^{−2} 579 in soft hadron-hadron collisions [15] is smaller in the diffractive production of vector 580 mesons [55]. It is therefore interesting to determine if such deviations from the behaviour 581 of the hadron-hadron data are also apparent in the inclusive diffractive dissociation of 582 virtual photons. 583 Following the Regge factorisation assumption (see Eq. (7)), the data of Fig. 10 were fitted to the form F^{D(4)}_2 = f_{IP} (x_{IP} , t) · F^{IP}_2 (β, Q^2) + n_{IR} · f_{IR}(x_{IP} , t) · F^{IR}_2 (β, Q^2) , where n_{IR} is a normalisation term. It was assumed that F^{D(4)}_2 = σ^{D(4)}r and the fit was limited to y < 0.5 to reduce the influence of F^D_L . The Pomeron and the Reggeon fluxes were parameterised as [1] f_{IP} (x_{IP} , t) = e^{BIP t} x^{2αIP (t)−1} IP and f_{IR}(x_{IP} , t) = e^{BIRt} x^{2αIR(t)−1} IP ,

and the Pomeron and Reggeon trajectories were both assumed to be linear. The fitted 584 parameters were the Pomeron trajectory, α_{IP} (0) and α^′_{IP} , the intercept of the Reggeon 585 trajectory, α_{IR}(0), the slope, B_{IP} , and the Reggeon normalisation term, n_{IR}. The Reggeon 586 structure function, F^{IR}_2 (β, Q^2), was taken to be equal to the pion structure function as 587 parameterised by GRV [56–58]. The slope B_{IR} was fixed to 2.0 GeV^{−2}, taken from hadron- 588 hadron data, and the slope of the Reggeon trajectory, α^′_{IR}, was fixed to 0.9 GeV^{−2}. The 589 lines in Fig. 10 show the result of the fit. The results for the fit parameters are given in 590 Table 1. 591 Fit LPS Fit LPS max int. IP -IR χ^2/ndf 162.9/153 160.7/153 α_{IP} (0) 1.11 ± 0.02(stat.)^{+0.01}_{−0.02}(syst.) ± 0.02(model) 1.16 ± 0.03(stat.) α_{IR}(0) 0.75 ± 0.07(stat.)^{+0.02}_{−0.04}(syst.) ± 0.05(model) 0.68 ± 0.09(stat.) α^′_{IP} −0.01 ± 0.06(stat.)^{+0.04}_{−0.08}(syst.) ± 0.04(model) GeV^{−2} 0.12 ± 0.05(stat.) GeV^{−2} B_{IP} 7.1 ± 0.7(stat.)^{+1.4}_{−0.7}(syst.) GeV^{−2} 5.2 ± 0.5(stat.) GeV^{−2} n_{IR} 2.11 ± 0.64(stat.)^{+0.26}_{−0.37}(syst.) 1.9 ± 0.7(stat.)

Table 1: The values and uncertainties of the parameters extracted from the Regge fits to the LPS data, without mixing and with maximal mixing between the Pomeron and Reggeon exchanges.

The model uncertainty reflects the effect of R^D, which was varied between 0 and 1, and 592 that of the pion structure function parameterisation, which was changed from that of 593 GRV to that of Owens [59]. The quality of the fit is good. The Pomeron intercept is 594 consistent with that of the soft Pomeron. The result for α^′_{IP} is significantly lower than 595 α^′_{IP} = 0.25 GeV^{−2}; it agrees with the result recently measured by the H1 Collaboration [20] 596 as well as with the values found in the diffractive production of vector mesons [55]. The 597 Reggeon intercept is higher than the expectation of 0.5475 based on the Donnachie and 598 Landshoff fits to the pp, p̄p, Kp, πp and γp total cross section data [34]. Allowing for 599 maximal interference between the Pomeron and Reggeon amplitudes also gives a good fit. 600 A similar fit was performed to the σ^{D(3)}r LRG points. The result of the fit is shown in 601 Figs. 13-14 and the parameters, both those kept fixed and those obtained from the fit, are 602 summarised in Table 2. The first uncertainty is that from the fit, in which the quadratic 603 sum of statistical and systematic uncertainties was used. The model uncertainty reflects 604

Fit LRG χ^2/ndf χ^2/ndf = 143.9/168 α_{IP} (0) 1.117 ± 0.006^{+0.022}_{−0.007}(model) α_{IR}(0) fixed to 0.75 α^′_{IP} fixed to 0 B_{IP} fixed to 7.0 GeV^{−2} n_{IR} 2.98 ± 0.39

Table 2: The values of the parameters extracted from the Regge fit to the LRG data and the corresponding uncertainties.

the variation of α^′_{IP} between 0 and 0.1 GeV^{−2} and that of α_{IR}(0) between 0.55 and 0.75; 605 in addition, as for the fit to the LPS data, R^D was varied between 0 and 1, and the pion 606 structure function parameterisation was changed from that of GRV to that of Owens [59]. 607 Here again, the fit was limited to y < 0.5. The quality of the fit is very good. 608 Figure 21 shows α_{IP} (0) as a function of Q^2; it was obtained with a fit in bins of Q^2, 609 similar to that described earlier for the full Q^2 range. The Reggeon normalisation term, 610 n_{IR}, was fixed to the value n_{IR} = 2.6 ± 0.3, extracted from a combined Regge fit to the 611 LPS and LRG results in the full Q^2 range. The LPS result and those obtained with the 612 M_X method, FPCI [22] and FPCII [2], are also shown. In the region explored, the present 613 data do not exhibit a significant dependence on Q^2. The agreement with the M_X -method 614 results is fair. 615 12 Summary 616 Measurements have been presented of the reaction e^+p → e^+Xp obtained by requiring a 617 large rapidity gap in the forward direction (LRG sample) or the detection of a proton in the 618 leading proton spectrometer (LPS sample). The kinematic coverage is 2 < Q^2 < 305 GeV^2 619 (LRG) or 2 < Q^2 < 120 GeV^2 (LPS), 40 < W < 240 GeV and 0.0002 < x_{IP} < 0.02 (LRG) 620 or 0.0002 < x_{IP} < 0.1 (LPS). The data are presented in terms of the t and Φ dependences 621 of the cross section, as well as of the x_{IP} , Q^2, β and t dependences of the reduced diffractive 622 cross sections, σ^{D(4)}r and σ^{D(3)}r . 623 The t dependence of the cross section is approximately exponential, with a t-slope b = 624 7.0 ± 0.4 GeV^{−2}. The slope is independent of Q^2, M_X and x_{IP} . The lack of Q^2 dependence 625 indicates that this is a soft process. 626 There is no significant Φ dependence of the cross section. 627 The diffractive reduced cross section, σ^{D(4)}r , obtained from the LPS data, was measured 628

for the first time in two t bins and was found to have the same x_{IP} dependence in the two 629 bins. 630 The reduced cross section, σ^{D(3)}r , was measured using both the LRG and LPS data. 631 Consistent results were found for the shape. The normalisation difference of about 25% 632 is ascribed to the proton-dissociative contribution in the LRG data. 633 Within normalisation uncertainties the results agree reasonably well with the H1 mea- 634 surements. The comparison with the ZEUS M_X -method results indicates that the latter 635 have a residual proton-dissociative contribution of 17%; the shape agreement is good, 636 especially at low x_{IP} . 637 A Regge fit to σ^{D(3)}r yields a value of α_{IP} independent of Q^2. 638 Acknowledgements 639 We thank the DESY Directorate for their support and encouragement. We are grateful 640 for the support of the DESY computing and network services. We are specially grateful 641 to the HERA machine group: collaboration with them was crucial to the successful instal- 642 lation and operation of the leading proton spectrometer. The design, construction and 643 installation of the ZEUS detector have been made possible by the ingenuity and effort of 644 many people who are not listed as authors. It is a pleasure to thank A.D. Martin, M.G. 645 Ryskin and G. Watt for many useful discussions. 646

References 647 [1] P.D.B. Collins, An Introduction to Regge Theory and High Energy Physics, 648 Cambridge University Press, Cambridge, 1977. 649 [2] ZEUS Coll., S. Chekanov et al., submitted to Nucl. Phys. B. 650 [3] K. Golec-Biernat, J. Kwiecinski and A. Szczurek, Phys. Rev. D56, 3955 (1997). 651 [4] ZEUS Coll., U. Holm (ed.), The ZEUS Detector, Status Report (unpublished), 652 DESY (1993), available on http://www-zeus.desy.de/bluebook/bluebook.html. 653 [5] ZEUS Coll., M. Derrick et al., Phys. Lett. B 293, 465 (1992). 654 [6] N. Harnew et al., Nucl. Inst. Meth. A 279, 290 (1989); 655 B. Foster et al., Nucl. Phys. Proc. Suppl. B 32, 181 (1993); 656 B. Foster et al., Nucl. Inst. Meth. A 338, 254 (1994). 657 [7] M. Derrick et al., Nucl. Inst. Meth. A 309, 77 (1991); 658 A. Andresen et al., Nucl. Inst. Meth. A 309, 101 (1991); 659 A. Caldwell et al., Nucl. Inst. Meth. A 321, 356 (1992); 660 A. Bernstein et al., Nucl. Inst. Meth. A 336, 23 (1993). 661 [8] A. Bamberger et al., Nucl. Inst. Meth. A 401, 63 (1997). 662 [9] ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 21, 443 (2001). 663 [10] A. Dwurazny et al., Nucl. Inst. Meth. A 277, 176 (1989). 664 [11] ZEUS Coll., FPC group, A. Bamberger et al., Nucl. Inst. Meth. A 450, 235 (2000). 665 [12] ZEUS Coll., M. Derrick et al., Z. Phys. C 73, 253 (1997). 666 [13] J. Andruszków et al., Technical Report DESY-92-066, DESY, 1992; 667 ZEUS Coll., M. Derrick et al., Z. Phys. C 63, 391 (1994); 668 J. Andruszków et al., Acta Phys. Pol. B 32, 2025 (2001). 669 [14] ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C38, 43 (2004). 670 [15] V. Barone and E. Predazzi, High-Energy Particle Diffraction, Springer Verlag, 671 Heidelberg, 2002, and references therein. 672 [16] HRS Coll., M. Derrick et al., Z. Phys. C35, 323 (1987). 673 [17] ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 1, 81 (1997). 674 [18] ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 25, 169 (2002). 675 [19] H1 Coll., A. Aktas et al., Eur. Phys. J. C48, 749 (2006). 676 [20] H1 Coll., A. Aktas et al., Eur. Phys. J. C48, 715 (2006). 677 [21] H. Abramowicz, Int. J. Mod. Phys. A 15 S1b, 495 (2000). 678

[22] ZEUS Coll., S. Chekanov et al., Nucl. Phys. B713, 3 (2005). 679 [23] H. Abramowicz, A. Caldwell and R. Sinkus, Nucl. Inst. Meth. A 365, 508 (1995). 680 [24] S. Bentvelsen, J. Engelen and P. Kooijman, Proc. Workshop on Physics at HERA, 681 W. Buchmüller and G. Ingelman (eds.), Vol. 1, p. 23. DESY, Hamburg, Germany 682 (1992). 683 [25] ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 6, 43 (1999). 684 [26] G. Briskin, Ph.D. Thesis, Tel Aviv University, DESY-THESIS-1998-036 (1988). 685 [27] F. Jacquet and A. Blondel, Proc. Study of an ep Facility for Europe, 686 U. Amaldi (ed.), p. 391. DESY, Hamburg, Germany (1979). 687 [28] W.H. Smith et al., Nucl. Instr. Meth. A355, 278 (1995); 688 W.H. Smith, K. Tokushuku, and L.W. Wiggers. Contributed to 10th International 689 Conference on Computing in High Energy Physics (CHEP 92), Annecy, France, 690 21-25 Sept 1992. 691 [29] J. Lukasik, Ph.D. Thesis, Cracow University, DESY-THESIS-2007-038 (2007). 692 [30] H. Kowalski. Prepared for Ringberg Workshop: New Trends in HERA Physics 693 1999, Ringberg Castle, Tegernsee, Germany, 30 May - 4 Jun 1999. 694 [31] K. Golec-Biernat and M. Wüsthoff, Phys. Rev. D 59, 014017 (1999); 695 K. Golec-Biernat and M. Wüsthoff, Phys. Rev. D 60, 114023 (1999); 696 K. Golec-Biernat and M. Wüsthoff, Eur. Phys. J. C 20, 313 (2001). 697 [32] H. Jung, Comput. Phys. Commun. 86, 147 (1995). 698 [33] G. Ingelmann and P.E. Schlein, Phys. Lett. B 152, 256 (1985). 699 [34] A. Donnachie and P.L. Landshoff, Phys. Lett. B 296, 227 (1992). 700 [35] H1 Coll., C. Adloff et al., Z. Phys. C 76, 613 (1997). 701 [36] J.F. Owens, Phys. Rev. D 30, 943 (1984). 702 [37] M. Bengtsson and T. Sjostrand, Z. Phys. C37, 465 (1988). 703 [38] L. Lonnblad, Comput. Phys. Commun. 71, 15 (1992). 704 [39] H-U. Bengtsson and T. Sjostrand, Comput. Phys. Commun. 46, 43 (1987). 705 [40] T. Sjostrand, Comput. Phys. Commun. 82, 74 (1994). 706 [41] K. Kwiatkowski, H. Spiesberger and H.-J. Möhring, Comput. Phys. Commun. 707 69, 155 (1992). 708 [42] G.A. Schuler and H. Spiesberger. In *Hamburg 1991, Proceedings, Physics at 709 HERA, vol. 3* 1419-1432. (see HIGH ENERGY PHYSICS INDEX 30 (1992) No. 710 12988). 711

[43] H.L. Lai et al., Phys. Rev. D55, 1280 (1997). 712 [44] T. Sjostrand et al., Pythia 6.3: Physics and manual, hep-ph/030. 713 [45] R. Brun et al., Geant3, Technical Report CERN-DD/EE/84-1, CERN, 1987. 714 [46] UA4 Coll., D. Bernard et al., Phys. Lett. B 186, 227 (1987). 715 [47] ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 1, 81 (1998). 716 [48] ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 2, 237 (1998). 717 [49] ZEUS Coll., S. Chekanov et al., PMC Phys. A1, 6 (2007). 718 [50] T. Gehrmann and W.J. Stirling, Z. Phys. C 70, 89 (1996). 719 [51] T. Arens et al., Z. Phys. C 74, 651 (1997). 720 [52] M. Diehl, Z. Phys. C 76, 499 (1997). 721 [53] N.N. Nikolaev, A.V. Pronyaev and B.G. Zakharov, Phys. Rev. D 59, 091501 (1999). 722 [54] J.-R. Cudell, K. Kang and S.K. Kim, Phys. Lett. B 395, 311 (1997). 723 [55] I.P. Ivanov, N.N. Nikolaev and A.A. Savin, hep-ph/0501034 (2005). 724 [56] M. Gluck, E. Reya and A. Vogt, Z. Phys. C53, 127 (1992). 725 [57] M. Gluck, E. Reya and A. Vogt, Z. Phys. C53, 651 (1992). 726 [58] M. Gluck, E. Reya and A. Vogt, Z. Phys. C67, 433 (1995). 727 [59] J.F. Owens, Phys. Rev. D30, 943 (1984). 728

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) dσ^{ep→eXp}/dt (nb/GeV^{−2}) ±stat. ± syst.

2 − 120 2 − 40 0.0002 – 0.01 0.144 63.59 ± 1.33^{+1.52}_{−1.40} 2 − 120 2 − 40 0.0002 – 0.01 0.259 25.79 ± 1.00^{+1.10}_{−1.15} 2 − 120 2 − 40 0.0002 – 0.01 0.374 12.85 ± 0.66^{+0.74}_{−0.89} 2 − 120 2 − 40 0.0002 – 0.01 0.489 6.53 ± 0.54^{+0.71}_{−0.71} 2 − 120 2 − 40 0.01 – 0.1 0.144 84.74 ± 1.49^{+1.81}_{−1.80} 2 − 120 2 − 40 0.01 – 0.1 0.259 35.95 ± 1.09^{+1.70}_{−1.72} 2 − 120 2 − 40 0.01 – 0.1 0.374 16.73 ± 0.66^{+1.16}_{−1.25} 2 − 120 2 − 40 0.01 – 0.1 0.489 8.84 ± 0.53^{+0.96}_{−0.99}

Table 3: The differential cross-section dσ^{ep→eXp}/dt as a function of |t|, for the indicated x_{IP} ranges and for 2 < Q^2 < 120 GeV^2 (⟨Q^2⟩ = 11 GeV^2) and 2 < M_X < 40 GeV (⟨M_X ⟩ = 15 GeV).

Q^2 (GeV^2) M_X (GeV) x_{IP} b (GeV^{−2}) ±stat. ± syst.

2 – 5 2 – 5 0.0004 6.99 ± 0.58^{+0.50}_{−0.28} 2 – 5 2 – 5 0.0018 5.57 ± 0.56^{+0.35}_{−0.20} 2 – 5 2 – 5 0.0060 6.46 ± 0.82^{+0.39}_{−0.37} 2 – 5 5 – 10 0.0018 6.84 ± 0.71^{+0.30}_{−0.39} 2 – 5 5 – 10 0.0060 6.23 ± 0.78^{+0.48}_{−0.48} 2 – 5 5 – 10 0.0200 7.08 ± 0.87^{+0.23}_{−0.69} 2 – 5 10 – 40 0.0060 8.55 ± 0.77^{+0.47}_{−0.70} 2 – 5 10 – 40 0.0200 7.13 ± 0.69^{+0.31}_{−0.36} 2 – 5 10 – 40 0.0400 7.92 ± 0.78^{+0.45}_{−0.25} 2 – 5 10 – 40 0.0600 6.77 ± 0.61^{+0.07}_{−0.46} 2 – 5 10 – 40 0.0850 6.59 ± 0.48^{+0.11}_{−0.17} 5 – 20 2 – 5 0.0004 7.77 ± 0.58^{+0.13}_{−0.69} 5 – 20 2 – 5 0.0018 7.42 ± 0.59^{+0.38}_{−0.21} 5 – 20 2 – 5 0.0060 8.49 ± 0.70^{+0.33}_{−0.55} 5 – 20 2 – 5 0.0200 7.65 ± 1.28^{+0.44}_{−0.42} 5 – 20 5 – 10 0.0018 7.35 ± 0.71^{+0.23}_{−0.27} 5 – 20 5 – 10 0.0060 6.68 ± 0.71^{+0.13}_{−0.37} 5 – 20 5 – 10 0.0200 6.78 ± 0.74^{+0.46}_{−0.07} 5 – 20 5 – 10 0.0400 11.28 ± 1.57^{+0.41}_{−1.70} 5 – 20 10 – 40 0.0060 7.08 ± 0.71^{+0.11}_{−0.29} 5 – 20 10 – 40 0.0200 6.35 ± 0.46^{+0.22}_{−0.22} 5 – 20 10 – 40 0.0400 8.36 ± 0.63^{+0.13}_{−0.21} 5 – 20 10 – 40 0.0600 7.15 ± 0.48^{+0.15}_{−0.11} 5 – 20 10 – 40 0.0850 6.23 ± 0.36^{+0.12}_{−0.02} 20 – 120 2 – 5 0.0018 6.45 ± 1.11^{+0.40}_{−0.61} 20 – 120 2 – 5 0.0060 7.06 ± 1.22^{+0.19}_{−0.79} 20 – 120 5 – 10 0.0018 7.94 ± 1.33^{+0.34}_{−0.26} 20 – 120 5 – 10 0.0060 5.60 ± 1.14^{+0.00}_{−0.63} 20 – 120 5 – 10 0.0200 6.62 ± 1.23^{+0.41}_{−0.06} 20 – 120 10 – 40 0.0060 5.17 ± 1.08^{+0.44}_{−0.07} 20 – 120 10 – 40 0.0200 9.10 ± 0.82^{+0.39}_{−0.35} 20 – 120 10 – 40 0.0400 6.89 ± 0.90^{+0.17}_{−0.54} 20 – 120 10 – 40 0.0600 7.17 ± 0.69^{+0.23}_{−0.12} 20 – 120 10 – 40 0.0850 6.17 ± 0.51^{+0.06}_{−0.20}

Table 4: Fitted values of the exponential t-slopes in bins of Q^2, M_X and x_{IP} .

Q^2 (GeV^2) M_X (GeV) x_{IP} Φ (rad) dσ^{ep}/dΦ (nb/rad) ±stat. ± syst.

4 − 120 2 − 40 0.0002 – 0.01 0.524 1.03 ± 0.07^{+0.06}_{−0.04} 4 − 120 2 − 40 0.0002 – 0.01 1.571 1.13 ± 0.07^{+0.03}_{−0.11} 4 − 120 2 − 40 0.0002 – 0.01 2.618 1.09 ± 0.07^{+0.03}_{−0.11} 4 − 120 2 − 40 0.0002 – 0.01 3.665 1.07 ± 0.06^{+0.06}_{−0.04} 4 − 120 2 − 40 0.0002 – 0.01 4.712 1.06 ± 0.07^{+0.04}_{−0.06} 4 − 120 2 − 40 0.0002 – 0.01 5.759 0.99 ± 0.07^{+0.07}_{−0.04} 4 − 120 2 − 40 0.01 – 0.1 0.524 1.59 ± 0.07^{+0.05}_{−0.08} 4 − 120 2 − 40 0.01 – 0.1 1.571 1.67 ± 0.07^{+0.11}_{−0.05} 4 − 120 2 − 40 0.01 – 0.1 2.618 1.47 ± 0.06^{+0.05}_{−0.10} 4 − 120 2 − 40 0.01 – 0.1 3.665 1.50 ± 0.06^{+0.06}_{−0.06} 4 − 120 2 − 40 0.01 – 0.1 4.712 1.49 ± 0.06^{+0.05}_{−0.08} 4 − 120 2 − 40 0.01 – 0.1 5.759 1.65 ± 0.07^{+0.03}_{−0.12}

Table 5: The differential cross-section dσ^{ep→eXp}/dΦ as a function of Φ, for the indicated x_{IP} ranges and for 2 < Q^2 < 120 GeV^2 (⟨Q^2⟩ = 22 GeV^2) and 2 < M_X < 40 GeV (⟨M_X ⟩ = 15 GeV).

Q^2 (GeV^2) β |t| (GeV^2) x_{IP} A_{LT} ±stat. ± syst.

4 − 120 0 – 1 0.09 – 0.55 0.0002 – 0.0018 0.05 ± 0.07^{+0.06}_{−0.02} 4 − 120 0 – 1 0.09 – 0.55 0.0018 – 0.0042 0.02 ± 0.08^{+0.02}_{−0.07} 4 − 120 0 – 1 0.09 – 0.55 0.0042 – 0.01 -0.06 ± 0.08^{+0.04}_{−0.02} 4 − 120 0 – 1 0.09 – 0.55 0.01 – 0.03 0.08 ± 0.06^{+0.04}_{−0.02} 4 − 120 0 – 1 0.09 – 0.55 0.03 – 0.05 0.06 ± 0.08^{+0.02}_{−0.02} 4 − 120 0 – 1 0.09 – 0.55 0.05 – 0.07 0.17 ± 0.07^{+0.02}_{−0.02} 4 − 120 0 – 1 0.09 – 0.55 0.07 – 0.1 0.05 ± 0.05^{+0.02}_{−0.01} 4 − 120 0 – 0.2 0.09 – 0.55 0.0002 – 0.01 -0.09 ± 0.07^{+0.04}_{−0.03} 4 − 120 0.2 – 0.35 0.09 – 0.55 0.0002 – 0.01 0.09 ± 0.09^{+0.05}_{−0.07} 4 − 120 0.35 – 0.65 0.09 – 0.55 0.0002 – 0.01 0.03 ± 0.07^{+0.03}_{−0.01} 4 − 120 0.65 – 1.0 0.09 – 0.55 0.0002 – 0.01 0.03 ± 0.12^{+0.04}_{−0.04} 4 − 120 0 – 1 0.09 – 0.14 0.0002 – 0.01 0.01 ± 0.06^{+0.03}_{−0.01} 4 − 120 0 – 1 0.14 – 0.2 0.0002 – 0.01 0.12 ± 0.11^{+0.06}_{−0.02} 4 − 120 0 – 1 0.2 – 0.3 0.0002 – 0.01 -0.05 ± 0.10^{+0.02}_{−0.05} 4 − 120 0 – 1 0.3 – 0.55 0.0002 – 0.01 -0.05 ± 0.10^{+0.04}_{−0.02} 4 − 10 0 – 1 0.09 – 0.55 0.0002 – 0.01 0.04 ± 0.07^{+0.07}_{−0.02} 10 − 15 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.05 ± 0.08^{+0.03}_{−0.02} 15 − 30 0 – 1 0.09 – 0.55 0.0002 – 0.01 0.10 ± 0.08^{+0.02}_{−0.04} 30 − 120 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.23 ± 0.12^{+0.02}_{−0.05}

Table 6: The azimuthal asymmetry A_{LT} in bins of Q^2, β, |t| and x_{IP} .

Q^2 (GeV^2) β |t| (GeV^2) x_{IP} A_{T T} ±stat. ± syst.

4-120 0 – 1 0.09 – 0.55 0.0002 – 0.0018 0.01 ± 0.07^{+0.07}_{−0.03} 4-120 0 – 1 0.09 – 0.55 0.0018 – 0.0042 -0.01 ± 0.08^{+0.05}_{−0.04} 4-120 0 – 1 0.09 – 0.55 0.0042 – 0.01 -0.17 ± 0.08^{+0.06}_{−0.02} 4-120 0 – 1 0.09 – 0.55 0.01 – 0.03 0.05 ± 0.06^{+0.03}_{−0.02} 4-120 0 – 1 0.09 – 0.55 0.03 – 0.05 -0.11 ± 0.08^{+0.03}_{−0.06} 4-120 0 – 1 0.09 – 0.55 0.05 – 0.07 0.06 ± 0.07^{+0.03}_{−0.04} 4-120 0 – 1 0.09 – 0.55 0.07 – 0.01 0.02 ± 0.05^{+0.02}_{−0.01} 4-120 0 – 0.2 0.09 – 0.55 0.0002 – 0.01 -0.14 ± 0.07^{+0.07}_{−0.00} 4-120 0.2 – 0.35 0.09 – 0.55 0.0002 – 0.01 0.05 ± 0.09^{+0.03}_{−0.09} 4-120 0.35 – 0.65 0.09 – 0.55 0.0002 – 0.01 -0.01 ± 0.07^{+0.04}_{−0.01} 4-120 0.65 – 1.0 0.09 – 0.55 0.0002 – 0.01 -0.16 ± 0.12^{+0.08}_{−0.01} 4-120 0 – 1 0.09 – 0.14 0.0002 – 0.01 -0.10 ± 0.06^{+0.03}_{−0.02} 4-120 0 – 1 0.14 – 0.2 0.0002 – 0.01 0.13 ± 0.11^{+0.05}_{−0.07} 4-120 0 – 1 0.2 – 0.3 0.0002 – 0.01 -0.01 ± 0.10^{+0.05}_{−0.05} 4-120 0 – 1 0.3 – 0.55 0.0002 – 0.01 -0.11 ± 0.10^{+0.16}_{−0.01} 4-10 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.01 ± 0.07^{+0.11}_{−0.04} 10-15 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.12 ± 0.08^{+0.04}_{−0.02} 15-30 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.03 ± 0.08^{+0.04}_{−0.02} 30-120 0 – 1 0.09 – 0.55 0.0002 – 0.01 -0.12 ± 0.12^{+0.05}_{−0.04}

Table 7: The azimuthal asymmetry A_{T T} in bins of Q^2, β, |t| and x_{IP} .

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

2.5 3.0 0.0004 0.09 − 0.19 0.102 ± 0.012^{+0.009}_{−0.003} 2.5 3.0 0.0009 0.09 − 0.19 0.069 ± 0.009^{+0.004}_{−0.002} 2.5 3.0 0.0025 0.09 − 0.19 0.036 ± 0.006^{+0.007}_{−0.004} 2.5 3.0 0.0065 0.09 − 0.19 0.044 ± 0.009^{+0.004}_{−0.004} 2.5 7.0 0.0009 0.09 − 0.19 0.064 ± 0.010^{+0.004}_{−0.007} 2.5 7.0 0.0025 0.09 − 0.19 0.052 ± 0.007^{+0.002}_{−0.006} 2.5 7.0 0.0065 0.09 − 0.19 0.036 ± 0.005^{+0.004}_{−0.001} 2.5 7.0 0.0150 0.09 − 0.19 0.044 ± 0.008^{+0.004}_{−0.005} 2.5 7.0 0.0300 0.09 − 0.19 0.039 ± 0.009^{+0.006}_{−0.005} 2.5 15.0 0.0065 0.09 − 0.19 0.044 ± 0.008^{+0.007}_{−0.002} 2.5 15.0 0.0150 0.09 − 0.19 0.035 ± 0.007^{+0.013}_{−0.004} 2.5 15.0 0.0300 0.09 − 0.19 0.063 ± 0.011^{+0.005}_{−0.005} 2.5 15.0 0.0500 0.09 − 0.19 0.064 ± 0.014^{+0.012}_{−0.010} 2.5 15.0 0.0700 0.09 − 0.19 0.093 ± 0.017^{+0.006}_{−0.004} 2.5 15.0 0.0900 0.09 − 0.19 0.081 ± 0.015^{+0.016}_{−0.012} 2.5 30.0 0.0300 0.09 − 0.19 0.063 ± 0.010^{+0.005}_{−0.006} 2.5 30.0 0.0500 0.09 − 0.19 0.052 ± 0.012^{+0.008}_{−0.003} 2.5 30.0 0.0700 0.09 − 0.19 0.058 ± 0.010^{+0.001}_{−0.004} 2.5 30.0 0.0900 0.09 − 0.19 0.077 ± 0.012^{+0.004}_{−0.018} 3.9 3.0 0.0004 0.09 − 0.19 0.089 ± 0.010^{+0.005}_{−0.004} 3.9 3.0 0.0009 0.09 − 0.19 0.064 ± 0.008^{+0.008}_{−0.004} 3.9 3.0 0.0025 0.09 − 0.19 0.060 ± 0.008^{+0.005}_{−0.002} 3.9 3.0 0.0065 0.09 − 0.19 0.055 ± 0.009^{+0.003}_{−0.003} 3.9 7.0 0.0025 0.09 − 0.19 0.051 ± 0.006^{+0.004}_{−0.003} 3.9 7.0 0.0065 0.09 − 0.19 0.047 ± 0.006^{+0.001}_{−0.005} 3.9 7.0 0.0150 0.09 − 0.19 0.041 ± 0.007^{+0.002}_{−0.003} 3.9 7.0 0.0300 0.09 − 0.19 0.054 ± 0.011^{+0.010}_{−0.008}

Table 8: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(4)}r , obtained with the LPS method for different values of Q^2, M_X and x_{IP} in bins of |t|. The table continues on the next 5 pages.

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

3.9 15.0 0.0065 0.09 − 0.19 0.058 ± 0.008^{+0.004}_{−0.002} 3.9 15.0 0.0150 0.09 − 0.19 0.054 ± 0.008^{+0.006}_{−0.008} 3.9 15.0 0.0300 0.09 − 0.19 0.053 ± 0.009^{+0.002}_{−0.003} 3.9 15.0 0.0500 0.09 − 0.19 0.041 ± 0.009^{+0.004}_{−0.002} 3.9 15.0 0.0700 0.09 − 0.19 0.064 ± 0.010^{+0.003}_{−0.003} 3.9 15.0 0.0900 0.09 − 0.19 0.068 ± 0.010^{+0.003}_{−0.004} 3.9 30.0 0.0300 0.09 − 0.19 0.065 ± 0.010^{+0.009}_{−0.007} 3.9 30.0 0.0500 0.09 − 0.19 0.077 ± 0.015^{+0.003}_{−0.012} 3.9 30.0 0.0700 0.09 − 0.19 0.103 ± 0.015^{+0.004}_{−0.014} 3.9 30.0 0.0900 0.09 − 0.19 0.092 ± 0.013^{+0.013}_{−0.005} 7.1 3.0 0.0004 0.09 − 0.19 0.107 ± 0.012^{+0.005}_{−0.005} 7.1 3.0 0.0009 0.09 − 0.19 0.113 ± 0.011^{+0.003}_{−0.010} 7.1 3.0 0.0025 0.09 − 0.19 0.086 ± 0.010^{+0.006}_{−0.002} 7.1 3.0 0.0065 0.09 − 0.19 0.082 ± 0.010^{+0.002}_{−0.008} 7.1 7.0 0.0025 0.09 − 0.19 0.069 ± 0.006^{+0.003}_{−0.003} 7.1 7.0 0.0065 0.09 − 0.19 0.054 ± 0.006^{+0.004}_{−0.004} 7.1 7.0 0.0150 0.09 − 0.19 0.053 ± 0.007^{+0.005}_{−0.003} 7.1 7.0 0.0300 0.09 − 0.19 0.074 ± 0.011^{+0.002}_{−0.007} 7.1 15.0 0.0065 0.09 − 0.19 0.067 ± 0.008^{+0.005}_{−0.008} 7.1 15.0 0.0150 0.09 − 0.19 0.061 ± 0.007^{+0.004}_{−0.005} 7.1 15.0 0.0300 0.09 − 0.19 0.063 ± 0.008^{+0.004}_{−0.005} 7.1 15.0 0.0500 0.09 − 0.19 0.105 ± 0.015^{+0.007}_{−0.003} 7.1 15.0 0.0700 0.09 − 0.19 0.068 ± 0.008^{+0.004}_{−0.003} 7.1 15.0 0.0900 0.09 − 0.19 0.075 ± 0.009^{+0.003}_{−0.003} 7.1 30.0 0.0300 0.09 − 0.19 0.089 ± 0.010^{+0.006}_{−0.007} 7.1 30.0 0.0500 0.09 − 0.19 0.104 ± 0.014^{+0.007}_{−0.007} 7.1 30.0 0.0700 0.09 − 0.19 0.084 ± 0.009^{+0.005}_{−0.003} 7.1 30.0 0.0900 0.09 − 0.19 0.133 ± 0.014^{+0.008}_{−0.011} 14.0 3.0 0.0009 0.09 − 0.19 0.110 ± 0.014^{+0.005}_{−0.009} 14.0 3.0 0.0025 0.09 − 0.19 0.093 ± 0.014^{+0.007}_{−0.004} 14.0 3.0 0.0065 0.09 − 0.19 0.102 ± 0.016^{+0.007}_{−0.003}

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

14.0 7.0 0.0025 0.09 − 0.19 0.071 ± 0.008^{+0.002}_{−0.006} 14.0 7.0 0.0065 0.09 − 0.19 0.067 ± 0.008^{+0.003}_{−0.004} 14.0 7.0 0.0150 0.09 − 0.19 0.074 ± 0.010^{+0.005}_{−0.003} 14.0 7.0 0.0300 0.09 − 0.19 0.059 ± 0.010^{+0.002}_{−0.006} 14.0 15.0 0.0065 0.09 − 0.19 0.070 ± 0.009^{+0.002}_{−0.004} 14.0 15.0 0.0150 0.09 − 0.19 0.083 ± 0.011^{+0.005}_{−0.006} 14.0 15.0 0.0300 0.09 − 0.19 0.065 ± 0.009^{+0.006}_{−0.001} 14.0 15.0 0.0500 0.09 − 0.19 0.110 ± 0.017^{+0.007}_{−0.006} 14.0 15.0 0.0700 0.09 − 0.19 0.088 ± 0.011^{+0.002}_{−0.004} 14.0 15.0 0.0900 0.09 − 0.19 0.090 ± 0.011^{+0.003}_{−0.003} 14.0 30.0 0.0300 0.09 − 0.19 0.097 ± 0.013^{+0.004}_{−0.004} 14.0 30.0 0.0500 0.09 − 0.19 0.107 ± 0.017^{+0.006}_{−0.005} 14.0 30.0 0.0700 0.09 − 0.19 0.109 ± 0.013^{+0.003}_{−0.003} 14.0 30.0 0.0900 0.09 − 0.19 0.113 ± 0.012^{+0.005}_{−0.005} 40.0 3.0 0.0009 0.09 − 0.19 0.094 ± 0.024^{+0.008}_{−0.008} 40.0 3.0 0.0025 0.09 − 0.19 0.061 ± 0.013^{+0.008}_{−0.006} 40.0 3.0 0.0065 0.09 − 0.19 0.054 ± 0.013^{+0.003}_{−0.005} 40.0 3.0 0.0150 0.09 − 0.19 0.049 ± 0.016^{+0.002}_{−0.003} 40.0 7.0 0.0025 0.09 − 0.19 0.104 ± 0.013^{+0.005}_{−0.009} 40.0 7.0 0.0065 0.09 − 0.19 0.073 ± 0.010^{+0.003}_{−0.005} 40.0 7.0 0.0150 0.09 − 0.19 0.075 ± 0.012^{+0.004}_{−0.002} 40.0 7.0 0.0300 0.09 − 0.19 0.079 ± 0.014^{+0.008}_{−0.002} 40.0 7.0 0.0500 0.09 − 0.19 0.081 ± 0.023^{+0.012}_{−0.002} 40.0 15.0 0.0065 0.09 − 0.19 0.058 ± 0.009^{+0.005}_{−0.005} 40.0 15.0 0.0150 0.09 − 0.19 0.090 ± 0.013^{+0.004}_{−0.004} 40.0 15.0 0.0300 0.09 − 0.19 0.073 ± 0.011^{+0.003}_{−0.004} 40.0 15.0 0.0500 0.09 − 0.19 0.093 ± 0.016^{+0.002}_{−0.007} 40.0 15.0 0.0700 0.09 − 0.19 0.098 ± 0.013^{+0.004}_{−0.006} 40.0 15.0 0.0900 0.09 − 0.19 0.115 ± 0.013^{+0.005}_{−0.005} 40.0 30.0 0.0300 0.09 − 0.19 0.090 ± 0.012^{+0.007}_{−0.002} 40.0 30.0 0.0500 0.09 − 0.19 0.127 ± 0.018^{+0.004}_{−0.008} 40.0 30.0 0.0700 0.09 − 0.19 0.113 ± 0.013^{+0.003}_{−0.007} 40.0 30.0 0.0900 0.09 − 0.19 0.124 ± 0.012^{+0.006}_{−0.005}

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

2.5 3.0 0.0004 0.19 − 0.55 0.028 ± 0.004^{+0.001}_{−0.004} 2.5 3.0 0.0009 0.19 − 0.55 0.013 ± 0.002^{+0.003}_{−0.003} 2.5 3.0 0.0025 0.19 − 0.55 0.013 ± 0.002^{+0.000}_{−0.002} 2.5 3.0 0.0065 0.19 − 0.55 0.012 ± 0.003^{+0.001}_{−0.002} 2.5 7.0 0.0009 0.19 − 0.55 0.025 ± 0.005^{+0.001}_{−0.003} 2.5 7.0 0.0025 0.19 − 0.55 0.012 ± 0.002^{+0.001}_{−0.001} 2.5 7.0 0.0065 0.19 − 0.55 0.009 ± 0.002^{+0.001}_{−0.002} 2.5 7.0 0.0150 0.19 − 0.55 0.010 ± 0.002^{+0.002}_{−0.001} 2.5 7.0 0.0300 0.19 − 0.55 0.012 ± 0.003^{+0.001}_{−0.002} 2.5 15.0 0.0065 0.19 − 0.55 0.011 ± 0.002^{+0.001}_{−0.002} 2.5 15.0 0.0150 0.19 − 0.55 0.011 ± 0.002^{+0.002}_{−0.002} 2.5 15.0 0.0300 0.19 − 0.55 0.012 ± 0.003^{+0.001}_{−0.001} 2.5 15.0 0.0500 0.19 − 0.55 0.014 ± 0.003^{+0.004}_{−0.001} 2.5 15.0 0.0700 0.19 − 0.55 0.012 ± 0.002^{+0.002}_{−0.001} 2.5 15.0 0.0900 0.19 − 0.55 0.023 ± 0.005^{+0.004}_{−0.003} 2.5 30.0 0.0300 0.19 − 0.55 0.015 ± 0.003^{+0.002}_{−0.002} 2.5 30.0 0.0500 0.19 − 0.55 0.016 ± 0.003^{+0.001}_{−0.003} 2.5 30.0 0.0700 0.19 − 0.55 0.024 ± 0.004^{+0.002}_{−0.003} 2.5 30.0 0.0900 0.19 − 0.55 0.015 ± 0.003^{+0.003}_{−0.003} 3.9 3.0 0.0004 0.19 − 0.55 0.023 ± 0.003^{+0.002}_{−0.002} 3.9 3.0 0.0009 0.19 − 0.55 0.021 ± 0.003^{+0.002}_{−0.002} 3.9 3.0 0.0025 0.19 − 0.55 0.016 ± 0.003^{+0.002}_{−0.001} 3.9 3.0 0.0065 0.19 − 0.55 0.010 ± 0.002^{+0.001}_{−0.002} 3.9 7.0 0.0025 0.19 − 0.55 0.012 ± 0.002^{+0.002}_{−0.001} 3.9 7.0 0.0065 0.19 − 0.55 0.016 ± 0.002^{+0.001}_{−0.002} 3.9 7.0 0.0150 0.19 − 0.55 0.009 ± 0.002^{+0.002}_{−0.001} 3.9 7.0 0.0300 0.19 − 0.55 0.013 ± 0.003^{+0.002}_{−0.001} 3.9 15.0 0.0065 0.19 − 0.55 0.012 ± 0.002^{+0.001}_{−0.001} 3.9 15.0 0.0150 0.19 − 0.55 0.009 ± 0.002^{+0.001}_{−0.001} 3.9 15.0 0.0300 0.19 − 0.55 0.011 ± 0.002^{+0.001}_{−0.002} 3.9 15.0 0.0500 0.19 − 0.55 0.014 ± 0.003^{+0.002}_{−0.001} 3.9 15.0 0.0700 0.19 − 0.55 0.017 ± 0.002^{+0.002}_{−0.002} 3.9 15.0 0.0900 0.19 − 0.55 0.023 ± 0.004^{+0.002}_{−0.002}

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

3.9 30.0 0.0300 0.19 − 0.55 0.015 ± 0.003^{+0.001}_{−0.002} 3.9 30.0 0.0500 0.19 − 0.55 0.018 ± 0.003^{+0.003}_{−0.001} 3.9 30.0 0.0700 0.19 − 0.55 0.021 ± 0.003^{+0.003}_{−0.002} 3.9 30.0 0.0900 0.19 − 0.55 0.028 ± 0.004^{+0.002}_{−0.002} 7.1 3.0 0.0004 0.19 − 0.55 0.034 ± 0.005^{+0.003}_{−0.003} 7.1 3.0 0.0009 0.19 − 0.55 0.022 ± 0.003^{+0.002}_{−0.001} 7.1 3.0 0.0025 0.19 − 0.55 0.019 ± 0.003^{+0.002}_{−0.002} 7.1 3.0 0.0065 0.19 − 0.55 0.015 ± 0.003^{+0.002}_{−0.002} 7.1 7.0 0.0025 0.19 − 0.55 0.014 ± 0.002^{+0.001}_{−0.001} 7.1 7.0 0.0065 0.19 − 0.55 0.011 ± 0.002^{+0.001}_{−0.001} 7.1 7.0 0.0150 0.19 − 0.55 0.013 ± 0.002^{+0.001}_{−0.002} 7.1 7.0 0.0300 0.19 − 0.55 0.011 ± 0.002^{+0.002}_{−0.001} 7.1 15.0 0.0065 0.19 − 0.55 0.019 ± 0.003^{+0.001}_{−0.001} 7.1 15.0 0.0150 0.19 − 0.55 0.016 ± 0.002^{+0.003}_{−0.002} 7.1 15.0 0.0300 0.19 − 0.55 0.018 ± 0.003^{+0.001}_{−0.002} 7.1 15.0 0.0500 0.19 − 0.55 0.018 ± 0.003^{+0.003}_{−0.001} 7.1 15.0 0.0700 0.19 − 0.55 0.024 ± 0.003^{+0.002}_{−0.002} 7.1 15.0 0.0900 0.19 − 0.55 0.028 ± 0.004^{+0.002}_{−0.003} 7.1 30.0 0.0300 0.19 − 0.55 0.018 ± 0.003^{+0.001}_{−0.001} 7.1 30.0 0.0500 0.19 − 0.55 0.021 ± 0.003^{+0.001}_{−0.002} 7.1 30.0 0.0700 0.19 − 0.55 0.025 ± 0.003^{+0.002}_{−0.002} 7.1 30.0 0.0900 0.19 − 0.55 0.031 ± 0.004^{+0.002}_{−0.002} 14.0 3.0 0.0009 0.19 − 0.55 0.018 ± 0.004^{+0.002}_{−0.003} 14.0 3.0 0.0025 0.19 − 0.55 0.018 ± 0.004^{+0.002}_{−0.001} 14.0 3.0 0.0065 0.19 − 0.55 0.021 ± 0.004^{+0.002}_{−0.001} 14.0 7.0 0.0025 0.19 − 0.55 0.020 ± 0.003^{+0.001}_{−0.002} 14.0 7.0 0.0065 0.19 − 0.55 0.015 ± 0.002^{+0.001}_{−0.001} 14.0 7.0 0.0150 0.19 − 0.55 0.016 ± 0.003^{+0.001}_{−0.001} 14.0 7.0 0.0300 0.19 − 0.55 0.018 ± 0.003^{+0.001}_{−0.001}

Q^2 (GeV^2) M_X (GeV) x_{IP} |t| (GeV^2) x_{IP} ∫ σ^{D(4)}r dt/Δt (GeV^{−2}) ±stat. ± syst.

14.0 15.0 0.0065 0.19 − 0.55 0.015 ± 0.003^{+0.001}_{−0.002} 14.0 15.0 0.0150 0.19 − 0.55 0.021 ± 0.003^{+0.001}_{−0.001} 14.0 15.0 0.0300 0.19 − 0.55 0.022 ± 0.004^{+0.002}_{−0.003} 14.0 15.0 0.0500 0.19 − 0.55 0.021 ± 0.004^{+0.002}_{−0.001} 14.0 15.0 0.0700 0.19 − 0.55 0.024 ± 0.003^{+0.002}_{−0.002} 14.0 15.0 0.0900 0.19 − 0.55 0.019 ± 0.003^{+0.002}_{−0.002} 14.0 30.0 0.0300 0.19 − 0.55 0.020 ± 0.003^{+0.001}_{−0.002} 14.0 30.0 0.0500 0.19 − 0.55 0.018 ± 0.003^{+0.001}_{−0.001} 14.0 30.0 0.0700 0.19 − 0.55 0.025 ± 0.003^{+0.002}_{−0.002} 14.0 30.0 0.0900 0.19 − 0.55 0.034 ± 0.004^{+0.002}_{−0.004} 40.0 3.0 0.0009 0.19 − 0.55 0.018 ± 0.006^{+0.001}_{−0.003} 40.0 3.0 0.0025 0.19 − 0.55 0.023 ± 0.006^{+0.002}_{−0.002} 40.0 3.0 0.0065 0.19 − 0.55 0.019 ± 0.005^{+0.002}_{−0.002} 40.0 3.0 0.0150 0.19 − 0.55 0.012 ± 0.006^{+0.003}_{−0.003} 40.0 7.0 0.0025 0.19 − 0.55 0.023 ± 0.004^{+0.001}_{−0.001} 40.0 7.0 0.0065 0.19 − 0.55 0.022 ± 0.003^{+0.002}_{−0.001} 40.0 7.0 0.0150 0.19 − 0.55 0.017 ± 0.003^{+0.001}_{−0.001} 40.0 7.0 0.0300 0.19 − 0.55 0.014 ± 0.003^{+0.001}_{−0.001} 40.0 7.0 0.0500 0.19 − 0.55 0.019 ± 0.006^{+0.002}_{−0.004} 40.0 15.0 0.0065 0.19 − 0.55 0.022 ± 0.004^{+0.001}_{−0.002} 40.0 15.0 0.0150 0.19 − 0.55 0.016 ± 0.003^{+0.001}_{−0.002} 40.0 15.0 0.0300 0.19 − 0.55 0.013 ± 0.003^{+0.002}_{−0.001} 40.0 15.0 0.0500 0.19 − 0.55 0.025 ± 0.004^{+0.002}_{−0.002} 40.0 15.0 0.0700 0.19 − 0.55 0.022 ± 0.003^{+0.002}_{−0.002} 40.0 15.0 0.0900 0.19 − 0.55 0.027 ± 0.004^{+0.003}_{−0.002} 40.0 30.0 0.0300 0.19 − 0.55 0.022 ± 0.004^{+0.001}_{−0.003} 40.0 30.0 0.0500 0.19 − 0.55 0.028 ± 0.004^{+0.002}_{−0.001} 40.0 30.0 0.0700 0.19 − 0.55 0.029 ± 0.003^{+0.002}_{−0.002} 40.0 30.0 0.0900 0.19 − 0.55 0.043 ± 0.005^{+0.003}_{−0.004}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

2.5 3.0 0.217 0.0003 0.039 ± 0.004^{+0.003}_{−0.003} 2.5 3.0 0.217 0.0009 0.023 ± 0.002^{+0.001}_{−0.002} 2.5 3.0 0.217 0.0025 0.014 ± 0.002^{+0.002}_{−0.001} 2.5 3.0 0.217 0.0065 0.018 ± 0.003^{+0.002}_{−0.005} 2.5 6.0 0.065 0.0009 0.025 ± 0.003^{+0.003}_{−0.002} 2.5 6.0 0.065 0.0025 0.016 ± 0.002^{+0.003}_{−0.001} 2.5 6.0 0.065 0.0065 0.014 ± 0.002^{+0.001}_{−0.002} 2.5 6.0 0.065 0.0150 0.016 ± 0.003^{+0.002}_{−0.002} 2.5 11.0 0.020 0.0025 0.023 ± 0.004^{+0.002}_{−0.002} 2.5 11.0 0.020 0.0065 0.015 ± 0.002^{+0.002}_{−0.002} 2.5 11.0 0.020 0.0150 0.013 ± 0.002^{+0.002}_{−0.002} 2.5 11.0 0.020 0.0300 0.016 ± 0.002^{+0.001}_{−0.002} 2.5 11.0 0.020 0.0500 0.024 ± 0.005^{+0.004}_{−0.001} 2.5 11.0 0.020 0.0700 0.023 ± 0.004^{+0.003}_{−0.002} 2.5 19.0 0.007 0.0065 0.021 ± 0.004^{+0.003}_{−0.004} 2.5 19.0 0.007 0.0150 0.019 ± 0.003^{+0.001}_{−0.003} 2.5 19.0 0.007 0.0300 0.020 ± 0.003^{+0.002}_{−0.003} 2.5 19.0 0.007 0.0500 0.019 ± 0.003^{+0.001}_{−0.002} 2.5 19.0 0.007 0.0700 0.027 ± 0.004^{+0.002}_{−0.005} 2.5 19.0 0.007 0.0900 0.028 ± 0.004^{+0.002}_{−0.003} 2.5 32.0 0.002 0.0300 0.020 ± 0.003^{+0.003}_{−0.001} 2.5 32.0 0.002 0.0500 0.020 ± 0.004^{+0.001}_{−0.002} 2.5 32.0 0.002 0.0700 0.029 ± 0.004^{+0.004}_{−0.001} 2.5 32.0 0.002 0.0900 0.023 ± 0.003^{+0.003}_{−0.002} 3.9 3.0 0.302 0.0003 0.035 ± 0.003^{+0.002}_{−0.003} 3.9 3.0 0.302 0.0009 0.026 ± 0.002^{+0.002}_{−0.001} 3.9 3.0 0.302 0.0025 0.024 ± 0.003^{+0.002}_{−0.003} 3.9 3.0 0.302 0.0065 0.017 ± 0.002^{+0.002}_{−0.002}

Table 9: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LPS method for different values of Q^2, M_X and x_{IP} . The corresponding β values are also indicated. The table continues on the next 3 pages.

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

3.9 6.0 0.098 0.0009 0.024 ± 0.002^{+0.003}_{−0.001} 3.9 6.0 0.098 0.0025 0.019 ± 0.002^{+0.001}_{−0.001} 3.9 6.0 0.098 0.0065 0.017 ± 0.002^{+0.001}_{−0.001} 3.9 6.0 0.098 0.0150 0.015 ± 0.002^{+0.002}_{−0.001} 3.9 11.0 0.031 0.0025 0.018 ± 0.003^{+0.001}_{−0.001} 3.9 11.0 0.031 0.0065 0.017 ± 0.002^{+0.001}_{−0.001} 3.9 11.0 0.031 0.0150 0.017 ± 0.002^{+0.001}_{−0.002} 3.9 11.0 0.031 0.0300 0.020 ± 0.003^{+0.001}_{−0.001} 3.9 11.0 0.031 0.0500 0.017 ± 0.003^{+0.001}_{−0.003} 3.9 11.0 0.031 0.0700 0.023 ± 0.003^{+0.002}_{−0.002} 3.9 19.0 0.011 0.0065 0.031 ± 0.005^{+0.002}_{−0.005} 3.9 19.0 0.011 0.0150 0.016 ± 0.002^{+0.002}_{−0.001} 3.9 19.0 0.011 0.0300 0.019 ± 0.003^{+0.001}_{−0.003} 3.9 19.0 0.011 0.0500 0.024 ± 0.004^{+0.004}_{−0.001} 3.9 19.0 0.011 0.0700 0.028 ± 0.003^{+0.001}_{−0.002} 3.9 19.0 0.011 0.0900 0.032 ± 0.004^{+0.001}_{−0.002} 3.9 32.0 0.004 0.0300 0.027 ± 0.004^{+0.001}_{−0.004} 3.9 32.0 0.004 0.0500 0.026 ± 0.004^{+0.003}_{−0.003} 3.9 32.0 0.004 0.0700 0.030 ± 0.004^{+0.003}_{−0.003} 3.9 32.0 0.004 0.0900 0.040 ± 0.005^{+0.002}_{−0.003} 7.1 3.0 0.441 0.0003 0.045 ± 0.004^{+0.003}_{−0.003} 7.1 3.0 0.441 0.0009 0.039 ± 0.003^{+0.002}_{−0.003} 7.1 3.0 0.441 0.0025 0.032 ± 0.003^{+0.002}_{−0.002} 7.1 3.0 0.441 0.0065 0.028 ± 0.003^{+0.001}_{−0.002} 7.1 6.0 0.165 0.0009 0.034 ± 0.003^{+0.002}_{−0.002} 7.1 6.0 0.165 0.0025 0.024 ± 0.002^{+0.002}_{−0.001} 7.1 6.0 0.165 0.0065 0.019 ± 0.002^{+0.001}_{−0.001} 7.1 6.0 0.165 0.0150 0.019 ± 0.002^{+0.002}_{−0.001}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

7.1 11.0 0.055 0.0025 0.024 ± 0.003^{+0.003}_{−0.002} 7.1 11.0 0.055 0.0065 0.022 ± 0.002^{+0.002}_{−0.001} 7.1 11.0 0.055 0.0150 0.018 ± 0.002^{+0.001}_{−0.002} 7.1 11.0 0.055 0.0300 0.022 ± 0.002^{+0.002}_{−0.002} 7.1 11.0 0.055 0.0500 0.026 ± 0.003^{+0.002}_{−0.002} 7.1 11.0 0.055 0.0700 0.026 ± 0.003^{+0.002}_{−0.001} 7.1 19.0 0.019 0.0065 0.034 ± 0.005^{+0.002}_{−0.006} 7.1 19.0 0.019 0.0150 0.024 ± 0.003^{+0.003}_{−0.002} 7.1 19.0 0.019 0.0300 0.024 ± 0.003^{+0.002}_{−0.001} 7.1 19.0 0.019 0.0500 0.030 ± 0.004^{+0.003}_{−0.002} 7.1 19.0 0.019 0.0700 0.028 ± 0.003^{+0.002}_{−0.002} 7.1 19.0 0.019 0.0900 0.038 ± 0.004^{+0.004}_{−0.002} 7.1 32.0 0.007 0.0300 0.029 ± 0.003^{+0.003}_{−0.002} 7.1 32.0 0.007 0.0500 0.033 ± 0.004^{+0.004}_{−0.002} 7.1 32.0 0.007 0.0700 0.032 ± 0.003^{+0.002}_{−0.002} 7.1 32.0 0.007 0.0900 0.046 ± 0.004^{+0.004}_{−0.003} 14.0 3.0 0.609 0.0009 0.036 ± 0.004^{+0.002}_{−0.002} 14.0 3.0 0.609 0.0025 0.030 ± 0.004^{+0.002}_{−0.001} 14.0 3.0 0.609 0.0065 0.035 ± 0.004^{+0.002}_{−0.001} 14.0 6.0 0.280 0.0009 0.039 ± 0.005^{+0.002}_{−0.002} 14.0 6.0 0.280 0.0025 0.031 ± 0.003^{+0.002}_{−0.001} 14.0 6.0 0.280 0.0065 0.025 ± 0.003^{+0.002}_{−0.003} 14.0 6.0 0.280 0.0150 0.026 ± 0.003^{+0.003}_{−0.001} 14.0 6.0 0.280 0.0300 0.022 ± 0.004^{+0.004}_{−0.002} 14.0 11.0 0.104 0.0025 0.025 ± 0.004^{+0.001}_{−0.002} 14.0 11.0 0.104 0.0065 0.024 ± 0.003^{+0.001}_{−0.001} 14.0 11.0 0.104 0.0150 0.028 ± 0.003^{+0.003}_{−0.002} 14.0 11.0 0.104 0.0300 0.026 ± 0.003^{+0.002}_{−0.003} 14.0 11.0 0.104 0.0500 0.031 ± 0.004^{+0.002}_{−0.002} 14.0 11.0 0.104 0.0700 0.032 ± 0.004^{+0.002}_{−0.003}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

14.0 19.0 0.037 0.0150 0.027 ± 0.004^{+0.001}_{−0.002} 14.0 19.0 0.037 0.0300 0.028 ± 0.003^{+0.002}_{−0.002} 14.0 19.0 0.037 0.0500 0.035 ± 0.005^{+0.003}_{−0.006} 14.0 19.0 0.037 0.0700 0.036 ± 0.004^{+0.002}_{−0.002} 14.0 19.0 0.037 0.0900 0.033 ± 0.003^{+0.002}_{−0.003} 14.0 32.0 0.013 0.0300 0.036 ± 0.005^{+0.002}_{−0.006} 14.0 32.0 0.013 0.0500 0.035 ± 0.005^{+0.002}_{−0.003} 14.0 32.0 0.013 0.0700 0.038 ± 0.004^{+0.003}_{−0.003} 14.0 32.0 0.013 0.0900 0.048 ± 0.005^{+0.003}_{−0.002} 40.0 3.0 0.816 0.0009 0.030 ± 0.006^{+0.003}_{−0.001} 40.0 3.0 0.816 0.0025 0.028 ± 0.005^{+0.004}_{−0.002} 40.0 3.0 0.816 0.0065 0.024 ± 0.004^{+0.001}_{−0.002} 40.0 3.0 0.816 0.0150 0.020 ± 0.005^{+0.001}_{−0.002} 40.0 6.0 0.526 0.0025 0.034 ± 0.004^{+0.002}_{−0.003} 40.0 6.0 0.526 0.0065 0.033 ± 0.004^{+0.002}_{−0.003} 40.0 6.0 0.526 0.0150 0.029 ± 0.004^{+0.002}_{−0.002} 40.0 6.0 0.526 0.0300 0.029 ± 0.005^{+0.004}_{−0.002} 40.0 11.0 0.248 0.0065 0.021 ± 0.003^{+0.003}_{−0.001} 40.0 11.0 0.248 0.0150 0.028 ± 0.004^{+0.002}_{−0.003} 40.0 11.0 0.248 0.0300 0.023 ± 0.003^{+0.002}_{−0.001} 40.0 11.0 0.248 0.0500 0.025 ± 0.004^{+0.002}_{−0.003} 40.0 11.0 0.248 0.0700 0.033 ± 0.004^{+0.002}_{−0.003} 40.0 11.0 0.248 0.0900 0.033 ± 0.004^{+0.003}_{−0.001} 40.0 19.0 0.100 0.0150 0.030 ± 0.004^{+0.003}_{−0.004} 40.0 19.0 0.100 0.0300 0.024 ± 0.003^{+0.001}_{−0.002} 40.0 19.0 0.100 0.0500 0.039 ± 0.005^{+0.003}_{−0.004} 40.0 19.0 0.100 0.0700 0.036 ± 0.003^{+0.002}_{−0.002} 40.0 19.0 0.100 0.0900 0.043 ± 0.004^{+0.002}_{−0.003} 40.0 32.0 0.038 0.0300 0.033 ± 0.004^{+0.003}_{−0.002} 40.0 32.0 0.038 0.0500 0.044 ± 0.005^{+0.003}_{−0.005} 40.0 32.0 0.038 0.0700 0.042 ± 0.004^{+0.003}_{−0.002} 40.0 32.0 0.038 0.0900 0.056 ± 0.005^{+0.003}_{−0.002}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

2.5 3.0 0.217 0.0003 0.0448 ± 0.0005^{+0.0053}_{−0.0049} 2.5 3.0 0.217 0.0005 0.0308 ± 0.0003^{+0.0030}_{−0.0027} 2.5 3.0 0.217 0.0010 0.0243 ± 0.0003^{+0.0018}_{−0.0017} 2.5 3.0 0.217 0.0020 0.0195 ± 0.0003^{+0.0012}_{−0.0010} 2.5 3.0 0.217 0.0038 0.0182 ± 0.0003^{+0.0007}_{−0.0006} 2.5 5.0 0.091 0.0005 0.0320 ± 0.0006^{+0.0032}_{−0.0030} 2.5 5.0 0.091 0.0010 0.0219 ± 0.0004^{+0.0017}_{−0.0015} 2.5 5.0 0.091 0.0020 0.0175 ± 0.0003^{+0.0009}_{−0.0009} 2.5 5.0 0.091 0.0038 0.0158 ± 0.0003^{+0.0007}_{−0.0006} 2.5 5.0 0.091 0.0073 0.0144 ± 0.0003^{+0.0007}_{−0.0005} 2.5 5.0 0.091 0.0140 0.0159 ± 0.0005^{+0.0016}_{−0.0009} 2.5 8.0 0.038 0.0020 0.0186 ± 0.0003^{+0.0010}_{−0.0010} 2.5 8.0 0.038 0.0038 0.0161 ± 0.0003^{+0.0006}_{−0.0005} 2.5 8.0 0.038 0.0073 0.0146 ± 0.0003^{+0.0005}_{−0.0005} 2.5 13.0 0.015 0.0038 0.0226 ± 0.0004^{+0.0008}_{−0.0007} 2.5 20.0 0.006 0.0140 0.0251 ± 0.0031^{+0.0019}_{−0.0033} 3.5 3.0 0.280 0.0003 0.0429 ± 0.0006^{+0.0052}_{−0.0045} 3.5 3.0 0.280 0.0005 0.0336 ± 0.0004^{+0.0033}_{−0.0030} 3.5 3.0 0.280 0.0010 0.0273 ± 0.0004^{+0.0020}_{−0.0019} 3.5 3.0 0.280 0.0020 0.0230 ± 0.0003^{+0.0012}_{−0.0012} 3.5 3.0 0.280 0.0038 0.0207 ± 0.0003^{+0.0008}_{−0.0007} 3.5 3.0 0.280 0.0073 0.0199 ± 0.0005^{+0.0006}_{−0.0005} 3.5 5.0 0.123 0.0005 0.0303 ± 0.0006^{+0.0032}_{−0.0029} 3.5 5.0 0.123 0.0010 0.0232 ± 0.0004^{+0.0020}_{−0.0016} 3.5 5.0 0.123 0.0020 0.0195 ± 0.0004^{+0.0011}_{−0.0010} 3.5 5.0 0.123 0.0038 0.0176 ± 0.0004^{+0.0006}_{−0.0008} 3.5 5.0 0.123 0.0073 0.0171 ± 0.0004^{+0.0004}_{−0.0005}

Table 10: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method for different values of Q^2, M_X and x_{IP} . The corresponding β values are also indicated. The table continues on the next 8 pages.

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

3.5 8.0 0.052 0.0020 0.0187 ± 0.0003^{+0.0011}_{−0.0010} 3.5 8.0 0.052 0.0038 0.0165 ± 0.0003^{+0.0006}_{−0.0005} 3.5 8.0 0.052 0.0073 0.0160 ± 0.0003^{+0.0004}_{−0.0005} 3.5 13.0 0.020 0.0038 0.0205 ± 0.0004^{+0.0009}_{−0.0007} 4.5 3.0 0.333 0.0003 0.0392 ± 0.0006^{+0.0045}_{−0.0041} 4.5 3.0 0.333 0.0005 0.0340 ± 0.0005^{+0.0035}_{−0.0029} 4.5 3.0 0.333 0.0010 0.0289 ± 0.0005^{+0.0022}_{−0.0020} 4.5 3.0 0.333 0.0020 0.0250 ± 0.0005^{+0.0014}_{−0.0013} 4.5 3.0 0.333 0.0038 0.0228 ± 0.0004^{+0.0009}_{−0.0008} 4.5 3.0 0.333 0.0073 0.0217 ± 0.0006^{+0.0006}_{−0.0006} 4.5 5.0 0.153 0.0005 0.0295 ± 0.0007^{+0.0029}_{−0.0027} 4.5 5.0 0.153 0.0010 0.0232 ± 0.0005^{+0.0020}_{−0.0017} 4.5 5.0 0.153 0.0020 0.0192 ± 0.0005^{+0.0011}_{−0.0011} 4.5 5.0 0.153 0.0038 0.0183 ± 0.0005^{+0.0008}_{−0.0007} 4.5 5.0 0.153 0.0073 0.0178 ± 0.0005^{+0.0006}_{−0.0006} 4.5 5.0 0.153 0.0140 0.0203 ± 0.0008^{+0.0011}_{−0.0009} 4.5 8.0 0.066 0.0020 0.0191 ± 0.0004^{+0.0012}_{−0.0010} 4.5 8.0 0.066 0.0038 0.0171 ± 0.0004^{+0.0009}_{−0.0007} 4.5 8.0 0.066 0.0073 0.0153 ± 0.0004^{+0.0005}_{−0.0004} 4.5 13.0 0.026 0.0038 0.0197 ± 0.0004^{+0.0006}_{−0.0008} 4.5 13.0 0.026 0.0073 0.0182 ± 0.0004^{+0.0007}_{−0.0005} 5.5 3.0 0.379 0.0003 0.0405 ± 0.0008^{+0.0045}_{−0.0042} 5.5 3.0 0.379 0.0005 0.0361 ± 0.0006^{+0.0035}_{−0.0031} 5.5 3.0 0.379 0.0010 0.0311 ± 0.0006^{+0.0024}_{−0.0021} 5.5 3.0 0.379 0.0020 0.0257 ± 0.0005^{+0.0014}_{−0.0013} 5.5 3.0 0.379 0.0038 0.0232 ± 0.0005^{+0.0013}_{−0.0009} 5.5 3.0 0.379 0.0073 0.0221 ± 0.0006^{+0.0009}_{−0.0005} 5.5 5.0 0.180 0.0005 0.0306 ± 0.0008^{+0.0030}_{−0.0027} 5.5 5.0 0.180 0.0010 0.0245 ± 0.0005^{+0.0019}_{−0.0018} 5.5 5.0 0.180 0.0020 0.0192 ± 0.0005^{+0.0012}_{−0.0009} 5.5 5.0 0.180 0.0038 0.0189 ± 0.0005^{+0.0008}_{−0.0007} 5.5 5.0 0.180 0.0073 0.0169 ± 0.0005^{+0.0009}_{−0.0004} 5.5 5.0 0.180 0.0140 0.0188 ± 0.0008^{+0.0010}_{−0.0008}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

5.5 8.0 0.079 0.0020 0.0183 ± 0.0004^{+0.0010}_{−0.0009} 5.5 8.0 0.079 0.0038 0.0172 ± 0.0004^{+0.0007}_{−0.0006} 5.5 8.0 0.079 0.0073 0.0155 ± 0.0004^{+0.0006}_{−0.0003} 5.5 8.0 0.079 0.0140 0.0182 ± 0.0006^{+0.0010}_{−0.0008} 5.5 13.0 0.032 0.0038 0.0209 ± 0.0005^{+0.0006}_{−0.0006} 5.5 13.0 0.032 0.0073 0.0199 ± 0.0005^{+0.0005}_{−0.0005} 5.5 20.0 0.014 0.0073 0.0227 ± 0.0007^{+0.0008}_{−0.0003} 6.5 3.0 0.419 0.0003 0.0417 ± 0.0010^{+0.0047}_{−0.0043} 6.5 3.0 0.419 0.0005 0.0396 ± 0.0007^{+0.0037}_{−0.0034} 6.5 3.0 0.419 0.0010 0.0319 ± 0.0006^{+0.0024}_{−0.0022} 6.5 3.0 0.419 0.0020 0.0286 ± 0.0006^{+0.0019}_{−0.0014} 6.5 3.0 0.419 0.0038 0.0255 ± 0.0006^{+0.0012}_{−0.0008} 6.5 3.0 0.419 0.0073 0.0237 ± 0.0006^{+0.0008}_{−0.0007} 6.5 5.0 0.206 0.0010 0.0265 ± 0.0006^{+0.0020}_{−0.0020} 6.5 5.0 0.206 0.0020 0.0232 ± 0.0006^{+0.0012}_{−0.0012} 6.5 5.0 0.206 0.0038 0.0194 ± 0.0006^{+0.0008}_{−0.0008} 6.5 5.0 0.206 0.0073 0.0180 ± 0.0006^{+0.0006}_{−0.0005} 6.5 8.0 0.092 0.0020 0.0195 ± 0.0005^{+0.0010}_{−0.0010} 6.5 8.0 0.092 0.0038 0.0182 ± 0.0005^{+0.0007}_{−0.0006} 6.5 8.0 0.092 0.0073 0.0176 ± 0.0005^{+0.0007}_{−0.0005} 6.5 13.0 0.037 0.0038 0.0207 ± 0.0006^{+0.0007}_{−0.0008} 6.5 13.0 0.037 0.0073 0.0181 ± 0.0005^{+0.0007}_{−0.0005} 6.5 20.0 0.016 0.0073 0.0246 ± 0.0009^{+0.0008}_{−0.0005} 8.5 3.0 0.486 0.0005 0.0409 ± 0.0005^{+0.0038}_{−0.0035} 8.5 3.0 0.486 0.0010 0.0360 ± 0.0005^{+0.0027}_{−0.0025} 8.5 3.0 0.486 0.0020 0.0305 ± 0.0005^{+0.0017}_{−0.0016} 8.5 3.0 0.486 0.0038 0.0271 ± 0.0004^{+0.0010}_{−0.0009} 8.5 3.0 0.486 0.0073 0.0261 ± 0.0005^{+0.0007}_{−0.0008} 8.5 5.0 0.254 0.0010 0.0319 ± 0.0005^{+0.0023}_{−0.0022} 8.5 5.0 0.254 0.0020 0.0245 ± 0.0004^{+0.0013}_{−0.0013} 8.5 5.0 0.254 0.0038 0.0225 ± 0.0004^{+0.0008}_{−0.0009} 8.5 5.0 0.254 0.0073 0.0205 ± 0.0004^{+0.0006}_{−0.0004}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

8.5 8.0 0.117 0.0020 0.0224 ± 0.0004^{+0.0011}_{−0.0011} 8.5 8.0 0.117 0.0038 0.0195 ± 0.0003^{+0.0007}_{−0.0006} 8.5 8.0 0.117 0.0073 0.0186 ± 0.0003^{+0.0007}_{−0.0005} 8.5 13.0 0.048 0.0038 0.0236 ± 0.0004^{+0.0008}_{−0.0007} 8.5 13.0 0.048 0.0073 0.0221 ± 0.0004^{+0.0006}_{−0.0007} 8.5 20.0 0.021 0.0073 0.0273 ± 0.0006^{+0.0009}_{−0.0005} 12.0 3.0 0.571 0.0005 0.0451 ± 0.0007^{+0.0042}_{−0.0040} 12.0 3.0 0.571 0.0010 0.0396 ± 0.0006^{+0.0029}_{−0.0028} 12.0 3.0 0.571 0.0020 0.0339 ± 0.0006^{+0.0019}_{−0.0018} 12.0 3.0 0.571 0.0038 0.0310 ± 0.0006^{+0.0011}_{−0.0013} 12.0 3.0 0.571 0.0073 0.0288 ± 0.0006^{+0.0011}_{−0.0006} 12.0 5.0 0.324 0.0010 0.0348 ± 0.0006^{+0.0025}_{−0.0024} 12.0 5.0 0.324 0.0020 0.0304 ± 0.0006^{+0.0017}_{−0.0016} 12.0 5.0 0.324 0.0038 0.0249 ± 0.0005^{+0.0009}_{−0.0008} 12.0 5.0 0.324 0.0073 0.0228 ± 0.0005^{+0.0008}_{−0.0006} 12.0 8.0 0.158 0.0020 0.0253 ± 0.0005^{+0.0013}_{−0.0015} 12.0 8.0 0.158 0.0038 0.0216 ± 0.0004^{+0.0008}_{−0.0007} 12.0 8.0 0.158 0.0073 0.0204 ± 0.0004^{+0.0005}_{−0.0005} 12.0 8.0 0.158 0.0140 0.0219 ± 0.0005^{+0.0013}_{−0.0006} 12.0 13.0 0.066 0.0038 0.0255 ± 0.0006^{+0.0007}_{−0.0008} 12.0 13.0 0.066 0.0073 0.0230 ± 0.0004^{+0.0005}_{−0.0004} 12.0 13.0 0.066 0.0140 0.0260 ± 0.0006^{+0.0021}_{−0.0009} 12.0 20.0 0.029 0.0073 0.0285 ± 0.0008^{+0.0011}_{−0.0005} 12.0 20.0 0.029 0.0140 0.0285 ± 0.0006^{+0.0031}_{−0.0018} 16.0 3.0 0.640 0.0005 0.0454 ± 0.0012^{+0.0042}_{−0.0041} 16.0 3.0 0.640 0.0010 0.0412 ± 0.0009^{+0.0031}_{−0.0028} 16.0 3.0 0.640 0.0020 0.0363 ± 0.0008^{+0.0021}_{−0.0020} 16.0 3.0 0.640 0.0038 0.0306 ± 0.0007^{+0.0011}_{−0.0011} 16.0 3.0 0.640 0.0073 0.0306 ± 0.0008^{+0.0010}_{−0.0007} 16.0 3.0 0.640 0.0140 0.0307 ± 0.0011^{+0.0018}_{−0.0017}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

16.0 5.0 0.390 0.0010 0.0398 ± 0.0010^{+0.0030}_{−0.0029} 16.0 5.0 0.390 0.0020 0.0315 ± 0.0008^{+0.0017}_{−0.0015} 16.0 5.0 0.390 0.0038 0.0284 ± 0.0007^{+0.0010}_{−0.0010} 16.0 5.0 0.390 0.0073 0.0267 ± 0.0007^{+0.0008}_{−0.0004} 16.0 5.0 0.390 0.0140 0.0275 ± 0.0008^{+0.0017}_{−0.0017} 16.0 8.0 0.200 0.0020 0.0282 ± 0.0007^{+0.0015}_{−0.0014} 16.0 8.0 0.200 0.0038 0.0240 ± 0.0005^{+0.0008}_{−0.0008} 16.0 8.0 0.200 0.0073 0.0226 ± 0.0005^{+0.0006}_{−0.0006} 16.0 8.0 0.200 0.0140 0.0244 ± 0.0006^{+0.0010}_{−0.0007} 16.0 13.0 0.086 0.0038 0.0287 ± 0.0008^{+0.0010}_{−0.0008} 16.0 13.0 0.086 0.0073 0.0245 ± 0.0006^{+0.0005}_{−0.0006} 16.0 13.0 0.086 0.0140 0.0267 ± 0.0007^{+0.0018}_{−0.0014} 16.0 20.0 0.038 0.0073 0.0315 ± 0.0012^{+0.0007}_{−0.0011} 16.0 20.0 0.038 0.0140 0.0305 ± 0.0008^{+0.0033}_{−0.0020} 22.0 3.0 0.710 0.0005 0.0416 ± 0.0019^{+0.0044}_{−0.0033} 22.0 3.0 0.710 0.0010 0.0398 ± 0.0011^{+0.0030}_{−0.0033} 22.0 3.0 0.710 0.0020 0.0350 ± 0.0010^{+0.0022}_{−0.0021} 22.0 3.0 0.710 0.0038 0.0312 ± 0.0009^{+0.0013}_{−0.0015} 22.0 3.0 0.710 0.0073 0.0293 ± 0.0009^{+0.0013}_{−0.0011} 22.0 3.0 0.710 0.0140 0.0286 ± 0.0010^{+0.0017}_{−0.0014} 22.0 5.0 0.468 0.0010 0.0442 ± 0.0014^{+0.0030}_{−0.0030} 22.0 5.0 0.468 0.0020 0.0369 ± 0.0011^{+0.0020}_{−0.0018} 22.0 5.0 0.468 0.0038 0.0319 ± 0.0009^{+0.0012}_{−0.0013} 22.0 5.0 0.468 0.0073 0.0302 ± 0.0009^{+0.0012}_{−0.0009} 22.0 5.0 0.468 0.0140 0.0283 ± 0.0009^{+0.0027}_{−0.0011} 22.0 8.0 0.256 0.0020 0.0293 ± 0.0008^{+0.0015}_{−0.0015} 22.0 8.0 0.256 0.0038 0.0260 ± 0.0007^{+0.0011}_{−0.0008} 22.0 8.0 0.256 0.0073 0.0238 ± 0.0006^{+0.0008}_{−0.0008} 22.0 8.0 0.256 0.0140 0.0249 ± 0.0007^{+0.0024}_{−0.0008} 22.0 13.0 0.115 0.0038 0.0286 ± 0.0009^{+0.0013}_{−0.0014} 22.0 13.0 0.115 0.0073 0.0263 ± 0.0007^{+0.0007}_{−0.0005} 22.0 13.0 0.115 0.0140 0.0270 ± 0.0008^{+0.0016}_{−0.0009}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

22.0 20.0 0.052 0.0140 0.0310 ± 0.0010^{+0.0026}_{−0.0013} 30.0 3.0 0.769 0.0010 0.0352 ± 0.0013^{+0.0030}_{−0.0027} 30.0 3.0 0.769 0.0020 0.0303 ± 0.0012^{+0.0017}_{−0.0022} 30.0 3.0 0.769 0.0038 0.0276 ± 0.0011^{+0.0013}_{−0.0015} 30.0 3.0 0.769 0.0073 0.0286 ± 0.0012^{+0.0007}_{−0.0014} 30.0 3.0 0.769 0.0140 0.0279 ± 0.0013^{+0.0012}_{−0.0016} 30.0 5.0 0.545 0.0010 0.0430 ± 0.0019^{+0.0041}_{−0.0027} 30.0 5.0 0.545 0.0020 0.0361 ± 0.0013^{+0.0018}_{−0.0023} 30.0 5.0 0.545 0.0038 0.0330 ± 0.0013^{+0.0018}_{−0.0012} 30.0 5.0 0.545 0.0073 0.0308 ± 0.0012^{+0.0008}_{−0.0010} 30.0 5.0 0.545 0.0140 0.0302 ± 0.0013^{+0.0028}_{−0.0010} 30.0 8.0 0.319 0.0020 0.0317 ± 0.0011^{+0.0016}_{−0.0015} 30.0 8.0 0.319 0.0038 0.0271 ± 0.0008^{+0.0009}_{−0.0009} 30.0 8.0 0.319 0.0073 0.0236 ± 0.0008^{+0.0005}_{−0.0004} 30.0 8.0 0.319 0.0140 0.0270 ± 0.0010^{+0.0007}_{−0.0010} 30.0 13.0 0.151 0.0038 0.0283 ± 0.0011^{+0.0009}_{−0.0009} 30.0 13.0 0.151 0.0073 0.0258 ± 0.0008^{+0.0007}_{−0.0009} 30.0 13.0 0.151 0.0140 0.0280 ± 0.0010^{+0.0018}_{−0.0011} 30.0 20.0 0.070 0.0140 0.0294 ± 0.0010^{+0.0033}_{−0.0011} 40.0 3.0 0.816 0.0010 0.0349 ± 0.0021^{+0.0028}_{−0.0025} 40.0 3.0 0.816 0.0020 0.0293 ± 0.0016^{+0.0018}_{−0.0018} 40.0 3.0 0.816 0.0038 0.0258 ± 0.0015^{+0.0012}_{−0.0016} 40.0 3.0 0.816 0.0073 0.0227 ± 0.0014^{+0.0011}_{−0.0013} 40.0 3.0 0.816 0.0140 0.0206 ± 0.0014^{+0.0013}_{−0.0013} 40.0 5.0 0.615 0.0020 0.0357 ± 0.0017^{+0.0026}_{−0.0019} 40.0 5.0 0.615 0.0038 0.0309 ± 0.0016^{+0.0011}_{−0.0016} 40.0 5.0 0.615 0.0073 0.0282 ± 0.0015^{+0.0005}_{−0.0012} 40.0 5.0 0.615 0.0140 0.0273 ± 0.0015^{+0.0024}_{−0.0013} 40.0 8.0 0.385 0.0020 0.0386 ± 0.0016^{+0.0021}_{−0.0027} 40.0 8.0 0.385 0.0038 0.0298 ± 0.0011^{+0.0009}_{−0.0010} 40.0 8.0 0.385 0.0073 0.0252 ± 0.0010^{+0.0008}_{−0.0007} 40.0 8.0 0.385 0.0140 0.0281 ± 0.0012^{+0.0017}_{−0.0017}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

40.0 13.0 0.191 0.0038 0.0317 ± 0.0015^{+0.0010}_{−0.0009} 40.0 13.0 0.191 0.0073 0.0273 ± 0.0010^{+0.0007}_{−0.0007} 40.0 13.0 0.191 0.0140 0.0271 ± 0.0012^{+0.0020}_{−0.0010} 40.0 20.0 0.091 0.0140 0.0345 ± 0.0014^{+0.0024}_{−0.0019} 50.0 3.0 0.847 0.0020 0.0304 ± 0.0021^{+0.0022}_{−0.0025} 50.0 3.0 0.847 0.0038 0.0236 ± 0.0017^{+0.0015}_{−0.0014} 50.0 3.0 0.847 0.0073 0.0209 ± 0.0017^{+0.0004}_{−0.0011} 50.0 3.0 0.847 0.0140 0.0221 ± 0.0018^{+0.0015}_{−0.0011} 50.0 5.0 0.667 0.0020 0.0360 ± 0.0021^{+0.0024}_{−0.0017} 50.0 5.0 0.667 0.0038 0.0365 ± 0.0021^{+0.0013}_{−0.0021} 50.0 5.0 0.667 0.0073 0.0256 ± 0.0017^{+0.0015}_{−0.0012} 50.0 5.0 0.667 0.0140 0.0300 ± 0.0020^{+0.0007}_{−0.0022} 50.0 8.0 0.439 0.0020 0.0396 ± 0.0023^{+0.0018}_{−0.0024} 50.0 8.0 0.439 0.0038 0.0334 ± 0.0014^{+0.0019}_{−0.0013} 50.0 8.0 0.439 0.0073 0.0290 ± 0.0013^{+0.0011}_{−0.0007} 50.0 8.0 0.439 0.0140 0.0277 ± 0.0014^{+0.0023}_{−0.0012} 50.0 13.0 0.228 0.0038 0.0352 ± 0.0020^{+0.0010}_{−0.0016} 50.0 13.0 0.228 0.0073 0.0312 ± 0.0013^{+0.0011}_{−0.0011} 50.0 13.0 0.228 0.0140 0.0284 ± 0.0013^{+0.0011}_{−0.0012} 50.0 20.0 0.111 0.0140 0.0344 ± 0.0015^{+0.0041}_{−0.0022} 65.0 3.0 0.878 0.0020 0.0282 ± 0.0025^{+0.0016}_{−0.0026} 65.0 3.0 0.878 0.0038 0.0221 ± 0.0020^{+0.0015}_{−0.0012} 65.0 3.0 0.878 0.0073 0.0182 ± 0.0018^{+0.0007}_{−0.0014} 65.0 3.0 0.878 0.0140 0.0148 ± 0.0017^{+0.0013}_{−0.0011} 65.0 5.0 0.722 0.0020 0.0342 ± 0.0028^{+0.0027}_{−0.0023} 65.0 5.0 0.722 0.0038 0.0307 ± 0.0023^{+0.0014}_{−0.0012} 65.0 5.0 0.722 0.0073 0.0295 ± 0.0022^{+0.0011}_{−0.0012} 65.0 5.0 0.722 0.0140 0.0258 ± 0.0021^{+0.0009}_{−0.0005} 65.0 8.0 0.504 0.0038 0.0324 ± 0.0017^{+0.0011}_{−0.0010} 65.0 8.0 0.504 0.0073 0.0290 ± 0.0015^{+0.0015}_{−0.0010} 65.0 8.0 0.504 0.0140 0.0274 ± 0.0015^{+0.0013}_{−0.0005}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

65.0 13.0 0.278 0.0073 0.0304 ± 0.0014^{+0.0014}_{−0.0013} 65.0 13.0 0.278 0.0140 0.0297 ± 0.0015^{+0.0014}_{−0.0015} 65.0 20.0 0.140 0.0140 0.0339 ± 0.0017^{+0.0020}_{−0.0020} 85.0 3.0 0.904 0.0020 0.0188 ± 0.0029^{+0.0028}_{−0.0013} 85.0 3.0 0.904 0.0038 0.0158 ± 0.0021^{+0.0026}_{−0.0012} 85.0 3.0 0.904 0.0073 0.0165 ± 0.0022^{+0.0015}_{−0.0010} 85.0 3.0 0.904 0.0140 0.0132 ± 0.0020^{+0.0009}_{−0.0005} 85.0 5.0 0.773 0.0020 0.0329 ± 0.0046^{+0.0027}_{−0.0014} 85.0 5.0 0.773 0.0038 0.0243 ± 0.0024^{+0.0009}_{−0.0020} 85.0 5.0 0.773 0.0073 0.0225 ± 0.0024^{+0.0016}_{−0.0005} 85.0 5.0 0.773 0.0140 0.0224 ± 0.0023^{+0.0008}_{−0.0005} 85.0 8.0 0.570 0.0038 0.0321 ± 0.0021^{+0.0016}_{−0.0011} 85.0 8.0 0.570 0.0073 0.0298 ± 0.0019^{+0.0011}_{−0.0017} 85.0 8.0 0.570 0.0140 0.0260 ± 0.0018^{+0.0020}_{−0.0015} 85.0 13.0 0.335 0.0073 0.0304 ± 0.0017^{+0.0011}_{−0.0013} 85.0 13.0 0.335 0.0140 0.0301 ± 0.0018^{+0.0013}_{−0.0013} 85.0 20.0 0.175 0.0140 0.0299 ± 0.0018^{+0.0030}_{−0.0017} 110.0 3.0 0.924 0.0038 0.0180 ± 0.0028^{+0.0009}_{−0.0027} 110.0 3.0 0.924 0.0073 0.0138 ± 0.0022^{+0.0006}_{−0.0006} 110.0 3.0 0.924 0.0140 0.0106 ± 0.0019^{+0.0011}_{−0.0007} 110.0 5.0 0.815 0.0038 0.0237 ± 0.0028^{+0.0022}_{−0.0016} 110.0 5.0 0.815 0.0073 0.0205 ± 0.0025^{+0.0013}_{−0.0015} 110.0 5.0 0.815 0.0140 0.0207 ± 0.0024^{+0.0010}_{−0.0005} 110.0 8.0 0.632 0.0038 0.0334 ± 0.0025^{+0.0010}_{−0.0014} 110.0 8.0 0.632 0.0073 0.0287 ± 0.0021^{+0.0022}_{−0.0005} 110.0 8.0 0.632 0.0140 0.0265 ± 0.0019^{+0.0017}_{−0.0020} 110.0 13.0 0.394 0.0073 0.0303 ± 0.0019^{+0.0010}_{−0.0012} 110.0 13.0 0.394 0.0140 0.0263 ± 0.0017^{+0.0017}_{−0.0007} 110.0 20.0 0.216 0.0140 0.0284 ± 0.0018^{+0.0009}_{−0.0009} 140.0 3.0 0.940 0.0038 0.0146 ± 0.0032^{+0.0014}_{−0.0024} 140.0 3.0 0.940 0.0073 0.0112 ± 0.0026^{+0.0010}_{−0.0010} 140.0 3.0 0.940 0.0140 0.0091 ± 0.0025^{+0.0017}_{−0.0006}

Q^2 (GeV^2) M_X (GeV) β x_{IP} x_{IP} σ^{D(3)}r ±stat. ± syst.

140.0 5.0 0.848 0.0038 0.0188 ± 0.0034^{+0.0022}_{−0.0021} 140.0 5.0 0.848 0.0073 0.0148 ± 0.0027^{+0.0005}_{−0.0023} 140.0 5.0 0.848 0.0140 0.0155 ± 0.0026^{+0.0013}_{−0.0007} 140.0 8.0 0.686 0.0038 0.0349 ± 0.0042^{+0.0030}_{−0.0027} 140.0 8.0 0.686 0.0073 0.0280 ± 0.0026^{+0.0004}_{−0.0022} 140.0 8.0 0.686 0.0140 0.0238 ± 0.0023^{+0.0016}_{−0.0011} 140.0 13.0 0.453 0.0073 0.0302 ± 0.0024^{+0.0011}_{−0.0012} 140.0 13.0 0.453 0.0140 0.0271 ± 0.0021^{+0.0013}_{−0.0013} 140.0 20.0 0.259 0.0140 0.0288 ± 0.0022^{+0.0043}_{−0.0004} 185.0 3.0 0.954 0.0038 0.0137 ± 0.0057^{+0.0066}_{−0.0020} 185.0 3.0 0.954 0.0073 0.0101 ± 0.0042^{+0.0014}_{−0.0001} 185.0 3.0 0.954 0.0140 0.0136 ± 0.0045^{+0.0006}_{−0.0016} 185.0 5.0 0.881 0.0038 0.0110 ± 0.0044^{+0.0003}_{−0.0053} 185.0 5.0 0.881 0.0073 0.0107 ± 0.0029^{+0.0010}_{−0.0008} 185.0 5.0 0.881 0.0140 0.0113 ± 0.0030^{+0.0012}_{−0.0014} 185.0 8.0 0.743 0.0073 0.0207 ± 0.0029^{+0.0013}_{−0.0020} 185.0 8.0 0.743 0.0140 0.0186 ± 0.0026^{+0.0015}_{−0.0006} 185.0 13.0 0.523 0.0073 0.0314 ± 0.0034^{+0.0017}_{−0.0017} 185.0 13.0 0.523 0.0140 0.0234 ± 0.0024^{+0.0016}_{−0.0017} 185.0 20.0 0.316 0.0140 0.0322 ± 0.0031^{+0.0028}_{−0.0039} 255.0 3.0 0.966 0.0073 0.0061 ± 0.0033^{+0.0003}_{−0.0000} 255.0 3.0 0.966 0.0140 0.0038 ± 0.0023^{+0.0013}_{−0.0000} 255.0 5.0 0.911 0.0073 0.0095 ± 0.0034^{+0.0027}_{−0.0001} 255.0 5.0 0.911 0.0140 0.0082 ± 0.0029^{+0.0018}_{−0.0019} 255.0 8.0 0.799 0.0073 0.0170 ± 0.0034^{+0.0023}_{−0.0026} 255.0 8.0 0.799 0.0140 0.0233 ± 0.0036^{+0.0021}_{−0.0014} 255.0 13.0 0.601 0.0140 0.0238 ± 0.0028^{+0.0011}_{−0.0014} 255.0 20.0 0.389 0.0140 0.0252 ± 0.0031^{+0.0039}_{−0.0015}

Figure 1: Schematic diagram of the reaction ep → eXp.

Figure 2: Comparison of the distributions measured (dots) and obtained with the reweighted Satrap MC (histograms) for η^{CAL}_{max} , M_X , Q^2, W , x_{IP} and β in the LRG analysis. For each plot, all analysis cuts have been applied except that on the plotted variable. The vertical lines with arrows indicate the selected region.

Figure 3: Comparison of the distributions measured (dots) and obtained with the reweighted Satrap MC (histograms) for x_L, |t|, Q^2, W , M_X and x_{IP} in the LPS analysis. Other details as in caption to Fig. 2.

Figure 4: (a) The energy distribution in the FPC, E_{FPC}, for the protondissociative candidate events (FPC PDISS). The data (dots) are compared to the expectation of the reweigthed Pythia MC (histogram), normalised to the data. (b) The x_L distribution in the LPS for the proton-dissociative candidate events (LPS PDISS). The data (open circles) are compared to the expectation of the reweigthed Pythia MC (histogram), normalised to the data in the range 0.5 < x_L < 0.9. The data points for x_L < 0.6 and x_L > 0.9 are also shown for completeness. The extracted fraction of proton-dissociative events, R_{diss}, from the two samples as a function of (c) Q^2, (d) β and (e) x_{IP} . The dashed lines in (c), (d) and (e) represent the weigthed average.

Figure 5: Distribution of E +P_Z for the LPS events (dots). The dashed histogram represents the estimate of the beam-halo background normalised for E + P_Z > 1925 GeV. The vertical dashed line at E + P_Z = 1860 GeV, represents the selection cut used in the analysis.

Figure 6: The differential cross-section dσ^{ep→eXp}/dt for (a) 0.0002 < x_{IP} < 0.01 and (b) 0.01 < x_{IP} < 0.1. The lines show the results of fits with the function dσ^{ep→eXp}/dt ∼ e^{−b|t|}. The inner error bars show the statistical uncertainties and the full bars indicate the statistical and the systematic uncertainties added in quadrature. The normalisation uncertainty of ±7% is not shown.

Figure 7: The value of the exponential-slope parameter b of the differential crosssection dσ^{ep→eXp}/dt as a function of x_{IP} in bins of Q^2 and M_X . The dashed line corresponds to the value of b = 6.95 GeV^{−2}. Other details as in caption to Fig. 6.

Figure 8: The differential cross-section dσ^{ep→eXp}/dΦ in the kinematic ranges (a) 0.0002 < x_{IP} < 0.01 and (b) 0.01 < x_{IP} < 0.1. The line shows the result of the fit described in the text. The error bars show the statistical uncertainty. The normalisation uncertainty of^{+11}_{−7} % is not shown.

Figure 9: The azimuthal asymmetry A_{LT} (open circles) and A_{T T} (dots) as a function of (a) x_{IP} , (b) β, (c) |t| and (d) Q^2 for x_{IP} < 0.01. Other details as in caption to Fig. 6.

Figure 10: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(4)}r , obtained with the LPS method, in two t bins as a function of x_{IP} for different values of Q^2 and β. The lines are the result of the Regge fit described in Section 11.5. The normalisation uncertainty of ±7% is not shown. Other details as in caption to Fig. 6.

Figure 11: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LPS method as a function of x_{IP} for different values of Q^2 and β. The lines are the result of the Regge fit described in Section 11.5. The normalisation uncertainty of^{+11}_{−7} % is not shown. Other details as in caption to Fig. 6.

Figure 12: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LPS method (dots) as a function of x_{IP} for different values of Q^2 and β compared with the results obtained with the H1 Forward Proton Spectrometer (open circles). The normalisation uncertainty of ±10% of the H1 data is not shown. Other details as in caption to Fig. 11.

Figure 13: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method as a function of x_{IP} for different values of Q^2 and β at low Q^2 values. The lines are the result of the Regge fit described in Section 11.5. The data are corrected for the proton-dissociative background to M_N = M_p as described in the text. The normalisation uncertainty of ±5% is not shown. Other details as in caption to Fig. 6.

Figure 14: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method as a function of x_{IP} for different values of Q^2 and β at high Q^2 values. Other details as in caption to Fig. 13.

Figure 15: The ratio of the reduced diffractive cross-sections σ^{D(3)}r as obtained with the LPS and the LRG methods, before the subtraction of the proton-dissociative background, as a function of x_{IP} for different values of Q^2 and β. The lines indicate the average value of the ratio. Other details as in caption to Fig. 11.

Figure 16: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method (dots) at x_{IP} = 0.0003 and x_{IP} = 0.001 as a function of Q^2 for different β values compared with the H1 results (open circles), also obtained with the LRG method. The ZEUS data are corrected to M_N < 1.6 GeV as described in the text. The 8% uncertainty on the correction is not shown, nor is the 7% relative normalisation uncertainty between the ZEUS and H1 data sets. Other details as in caption to Fig. 6.

Figure 17: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method (dots) at x_{IP} = 0.003 and x_{IP} = 0.01 as a function of Q^2 for different β values compared with the H1 results (open circles), also obtained with the LRG method. Other details as in caption for Fig. 16.

Figure 18: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method (dots) as a function of Q^2 for different β and x_{IP} values compared with the H1 results (open circles), also obtained with the LRG method. The ZEUS data are normalised to the H1 data. The lines represent the expectation based on the diffractive parton distribution functions “H1 2006 fit B”.

Figure 19: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method (dots) as a function of x_{IP} for different values of Q^2 and β at low Q^2 values, compared with the results obtained with the M_X method, FPCI (open squares) and FPCII (open circles), scaled by the factor 0.83 described in the text. Other details as in caption to Fig. 6.

Figure 20: The reduced diffractive cross section multiplied by x_{IP} , x_{IP} σ^{D(3)}r , obtained with the LRG method (dots) as a function of x_{IP} for different values of Q^2 and β at high Q^2 values. Other details as in caption to Fig. 19.

Figure 21: The Pomeron intercept α_{IP} (0) as a function of Q^2 as obtained from the LRG (dots) and the LPS data (triangles). Also shown are the M_X -method results, FPCI (open squares) and FPCII (open circles). The dashed line indicates the results of the Regge fit to the LPS and LRG data together described in the text. The error bars indicate the statistical and systematic uncertainties summed in quadrature.