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Deep inelasti
 s
attering with leadingprotons or large rapidity gaps at HERA

ZEUS Collaboration
Abstra
tThe disso
iation of virtual photons, 
?p ! Xp, in events with a large rapiditygap between X and the outgoing proton, as well as in events in whi
h the lead-ing proton was dire
tly measured, has been studied with the ZEUS dete
tor atHERA. The data 
over photon virtualities Q2 > 2 GeV2 and 
?p 
entre-of-massenergies 40 < W < 240 GeV, with MX > 2 GeV, where MX is the mass ofthe hadroni
 �nal state, X. Leading protons were dete
ted in the ZEUS lead-ing proton spe
trometer. The 
ross se
tion is presented as a fun
tion of t, thesquared four-momentum transfer at the proton vertex and �, the azimuthal an-gle between the positron s
attering plane and the proton s
attering plane. It isalso shown as a fun
tion of Q2 and xIP , the fra
tion of the proton's momentum
arried by the di�ra
tive ex
hange, as well as �, the Bjorken variable de�nedwith respe
t to the di�ra
tive ex
hange.
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1 Introdu
tionIn di�ra
tive hadron-hadron or photon-hadron 
ollisions, the initial-state parti
les un-dergo a \peripheral" 
ollision, in whi
h they either stay inta
t (elasti
 s
attering), ordisso
iate into low-mass states (di�ra
tive disso
iation). The s
attered hadron (or thelow-mass state in the disso
iative 
ase) has energy equal, to within a few per 
ent, to thatof the in
oming hadron, and very small transverse momentum. Su
h intera
tions 
anbe des
ribed in the framework of Regge phenomenology, where they are as
ribed to theex
hange of a traje
tory with the va
uum quantum numbers, the Pomeron traje
tory [1℄.In the same framework, events in whi
h the hadron loses a somewhat higher fra
tion ofits energy are as
ribed to the ex
hange of Reggeon and pion traje
tories.Signi�
ant progress has been made in understanding di�ra
tion in terms of perturba-tive Quantum Chromodynami
s (pQCD) by studying the disso
iation of virtual photons,
?p! Xp, in di�ra
tive deep inelasti
 ep s
attering (DIS) at HERA, ep! eXp. The partof the DIS 
ross se
tion due to su
h pro
esses may be expressed in terms of the di�ra
tiveparton distribution fun
tions (PDFs) of the proton. Di�ra
tive PDFs are de�ned as theproton PDFs probed when the proton emerges inta
t from the hard intera
tion, su�eringonly a small energy loss.At high 
entre-of-mass energy, di�ra
tive ep s
attering is 
hara
terised by the presen
eof a leading proton in the �nal state 
arrying most of the proton beam energy and bythe presen
e of a large rapidity gap (LRG) in the forward (proton) dire
tion. Both ofthese signatures have been exploited at the HERA 
ollider to sele
t samples enri
hed indi�ra
tive events. Alternatively, a method has been used to determine statisti
ally thenumber of di�ra
tive events, based on the expe
ted di�eren
e in shape of the distributionsof the invariant mass, MX , for di�ra
tive and non-di�ra
tive events. These approa
hesare subje
t to di�erent systemati
 un
ertainties.This paper presents results based on the dete
tion of a leading proton or of a largerapidity gap. The same data have also been analysed in terms of the shape of the MXdistribution [2℄. For the proton-tagged sample, the ZEUS leading proton spe
trometer(LPS) was used; this data sample has events with s
attered protons 
arrying a fra
tion,xL, of at least 90% of the in
oming proton momentum. For xL �< 0:98{0:99, the sampleis dominated by non-di�ra
tive events, whilst for xL � 1, it 
onsists almost ex
lusively ofdi�ra
tive events; therefore the transition between non-di�ra
tive and di�ra
tive regionsis studied. In the LRG sample the proton momentum is not measured, but events aresele
ted on the basis of the variable xIP , whi
h is the fra
tion of the proton's momentum
arried by the di�ra
tive ex
hange, xIP ' 1� xL. Events in the LRG sample are requiredto have xIP < 0:02 and thus the sample mainly (�> 90%) 
onsists of di�ra
tive events [3℄.The kinemati
 regions 
overed by the LRG and LPS results are: photon virtualities1



2 < Q2 < 305 GeV2 (LRG) or 2 < Q2 < 120 GeV2 (LPS), photon-proton 
entre-of-mass energies 40 < W < 240 GeV, hadroni
 �nal-state masses 2 < MX < 25 GeV (LRG)or 2 < MX < 40 GeV (LPS), proton fra
tional momentum losses 0:0002 < xIP < 0:02(LRG) or 0:0002 < xIP < 0:1 (LPS) and values of the square of the four-momentumex
hanged at the proton vertex 0:09 < jtj < 0:55 GeV2 (LPS).2 Experimental set-upThe data used for this measurement were taken with the ZEUS dete
tor at the HERAep 
ollider in the years 1999 and 2000, when HERA 
ollided positrons of 27.5 GeV withprotons of 920 GeV. The data used for the LRG and LPS analyses 
orrespond to integratedluminosities of 62.2 pb�1 and 32.6 pb�1, respe
tively.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [4,5℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.Deep inelasti
 s
attering events were identi�ed using information from the 
entral tra
kingdete
tor (CTD), the uranium{s
intillator 
alorimeter (CAL), the small angle rear tra
kingdete
tor (SRTD), the rear part of the hadron-ele
tron separator (RHES) and the forwardplug 
alorimeter (FPC).Charged parti
les were tra
ked in the CTD [6℄. The CTD operated in a magneti
 �eldof 1.43 T provided by a thin solenoid. It 
onsisted of 72 
ylindri
al drift 
hamber layers,organised in nine superlayers 
overing the polar-angle1 region 15Æ < � < 164Æ. Thetransverse-momentum resolution for full-length tra
ks was �(pT )=pT = 0:0058pT�0:0065�0:0014=pT , with pT in GeV.The CAL [7℄ 
onsisted of three parts: the forward (FCAL), the barrel (BCAL) andthe rear (RCAL) 
alorimeters. Ea
h part was subdivided transversely into towers andlongitudinally into one ele
tromagneti
 se
tion (EMC) and either one (in RCAL) or two (inBCAL and FCAL) hadroni
 se
tions (HAC). The smallest subdivision of the 
alorimeterwas 
alled a 
ell. The CAL energy resolutions, as measured under test-beam 
onditions,were �(E)=E = 0:18=pE for ele
trons and �(E)=E = 0:35=pE for hadrons, with Ein GeV.The position of ele
trons s
attered at small angles to the ele
tron-beam dire
tion wasdetermined by means of the information from the CAL and the SRTD [8,9℄. The SRTDwas atta
hed to the front fa
e of the RCAL and 
onsisted of two planes of s
intillator1 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton dire
tion, referred to as the \forward dire
tion", and the X axis pointing left towards the
entre of HERA. The 
oordinate origin is at the nominal intera
tion point.2



strips, 1 
m wide and 0.5 
m thi
k, arranged in orthogonal orientations. Ambiguities inSRTD hits were resolved with the help of the RHES [10℄, whi
h 
onsisted of a layer ofapproximately 10,000 (2:96 � 3:32 
m2) sili
on-pad dete
tors inserted in the RCAL at adepth of 3.3 radiation lengths.The FPC [11℄ was used to measure the energy of parti
les in the pseudorapidity range� � 4:0� 5:0. It was a lead{s
intillator sandwi
h 
alorimeter read out by wavelength-shifter (WLS) �bers and photomultipliers (PMT). It was installed in the 20�20 
m2 beamhole of the FCAL. The FPC had outer dimensions of 19.2 � 19.2 � 108 
m3 and had a
entral hole of 3.15 
m radius to a

ommodate the beam-pipe. In the FPC, 15 mm thi
klead plates alternated with 2.6 mm thi
k s
intillator layers. The FPC was subdividedlongitudinally into an ele
tromagneti
 (10 layers) and a hadroni
 se
tion (50 layers) rep-resenting a total of 5.4 nu
lear absorption lengths. The energy resolution for ele
trons,as measured in a test beam, was �(E)=E = (0:41 � 0:02)=pE � 0:062 � 0:002, with Ein GeV. When installed in the FCAL, the energy resolution for pions was �(E)=E =(0:65� 0:02)=pE � 0:06� 0:01, with E in GeV, and the e=h ratio was 
lose to unity.The LPS [12℄ dete
ted positively 
harged parti
les s
attered at very small angles and
arrying a substantial fra
tion, xL, of the in
oming proton momentum; these parti
lesremained in the beam-pipe and their traje
tories were measured by a system of sili
onmi
rostrip dete
tors that 
ould be inserted very 
lose (typi
ally a few mm) to the protonbeam. The dete
tors were grouped in six stations, S1 to S6, pla
ed along the beam linein the dire
tion of the proton beam, between 23.8 m and 90.0 m from the intera
tionpoint. The parti
le de
e
tions indu
ed by the magnets of the proton beam line alloweda momentum analysis of the s
attered protons. Only stations S4, S5 and S6 
overedthe kinemati
 region of the present measurement. The resolutions were about 0:5% onthe longitudinal momentum fra
tion and about 5 MeV on the transverse momentum.The e�e
tive transverse-momentum resolution was dominated by the intrinsi
 transverse-momentum spread of the proton beam at the intera
tion point, whi
h was about 45 MeVin the horizontal plane and about 100 MeV in the verti
al plane. The LPS a

eptan
ewas approximately 2% and xL independent for xL �> 0:98; it in
reased smoothly to about10% as xL de
reased to 0.9.The luminosity was determined from the rate of the bremsstrahlung pro
ess ep ! e
p.The photon was measured in a lead{s
intillator 
alorimeter [13℄ pla
ed in the HERAtunnel at Z = �107 m. 3



3 Kinemati
s and 
ross se
tionsFigure 1 shows a s
hemati
 diagram of the pro
ess ep ! eXp. The kinemati
s of thisrea
tion is des
ribed by the following variables:� Q2 = �q2 = �(k � k0)2, the negative four-momentum squared of the virtual photon(
?), where k (k0) is the four-momentum of the in
ident (s
attered) positron;� W 2 = (q+P )2, the squared 
entre-of-mass energy of the photon-proton system, whereP is the four-momentum of the in
ident proton;� x = Q2=(2P � q), the fra
tion of the proton momentum 
arried by the stru
k quark inthe in�nite-momentum frame (the Bjorken variable);� y = (q � p)=(k � p), the fra
tion of the positron energy transferred to the proton in theproton rest frame;� M2X = (q+P�P 0)2, the squared mass of the system X, where P 0 is the four-momentumof the s
attered proton;� t = (P � P 0)2, the squared four-momentum transfer at the proton vertex;� �, the angle between the positron s
attering plane and the proton s
attering plane inthe 
?p 
entre-of-mass frame.The variables Q2, W and x are related by x = Q2=(Q2 + W 2 �M2p ), where Mp is theproton mass.The two dimensionless variables xIP and � 
an be used instead of MX and W ; they aregiven by xIP = (P � P 0) � qP � q = Q2 +M2X � tQ2 +W 2 �M2p ; (1)� = Q22(P � P 0) � q = Q2Q2 +M2X � t : (2)They are related to x by xIP� = x. The variable � is the Bjorken variable de�ned withrespe
t to the four-momentum of the ex
hanged obje
t. The variable xIP is often referredto as � at hadron 
olliders.The 
ross se
tion for the rea
tion ep! eXp 
an be expressed in terms of the di�ra
tivestru
ture fun
tion FD(4)2 or of the redu
ed di�ra
tive 
ross-se
tion �D(4)r , whi
h are de�nedby the equationd�ep!eXpd�dQ2dxIPdt = 4��2�Q4 �1� y + y22(1 +RD)�FD(4)2 (�;Q2; xIP ; t)= 4��2�Q4 �1� y + y22 ��D(4)r (�;Q2; xIP ; t) : (3)4



The quantity RD = �
?p!XpL =�
?p!XpT is the ratio of the 
ross se
tions for longitudinallyand transversely polarised virtual photons. The dii�ra
tive longitudinal stru
ture fun
-tion, FDL , is related to RD via FDL = FD2 RD=(1 + RD). The di�ra
tive redu
ed 
rossse
tion and the di�ra
tive stru
ture fun
tion 
oin
ide if RD = 0. Sin
e RD has not beenmeasured, the results are presented in terms of the di�ra
tive redu
ed 
ross se
tion.The stru
ture-fun
tion FD(3)2 (�;Q2; xIP ) and the redu
ed 
ross-se
tion �D(3)r (�;Q2; xIP )are obtained by integrating FD(4)2 and �D(4)r over t,FD(3)2 (�;Q2; xIP ) = Z FD(4)2 (�;Q2; xIP ; t)dt ;�D(3)r (�;Q2; xIP ) = Z �D(4)r (�;Q2; xIP ; t)dt :The � dependen
e of the 
ross se
tion is sensitive to the interferen
e between the longi-tudinal and transverse amplitudes; the sensitivity to these interferen
e terms disappearswhen � is integrated over. For unpolarised positrons and protons, the 
ross se
tion 
anbe de
omposed asd�ep!eXpd� / �
?p!XpT + ��
?p!XpL � 2p�(1 + �)�
?p!XpLT 
os �� ��
?p!XpTT 
os 2� ; (4)where �
?p!XpLT is due to the interferen
e term between the amplitudes for longitudinaland transverse polarisations of the virtual photon and �
?p!XpTT is due to the interferen
eterm between the amplitudes for the two transverse polarisations. The parameter � isde�ned as � = 2(1� y)=[1 + (1� y)2℄.4 Methods of sele
ting di�ra
tionThe kinemati
 properties of di�ra
tive DIS, ep! eXp, imply the following for the �nal-state proton and the hadroni
 system X:� the proton su�ers only a small perturbation and emerges from the intera
tion 
arryinga large fra
tion, xL, of the in
oming proton momentum. Di�ra
tive events appear asa peak at xL � 1, the di�ra
tive peak, whi
h at HERA extends down to xL of about0:98 [14℄. The absolute value of the four-momentum-transfer squared, jtj, is typi
allysmaller than 1 GeV2, with hjtji � 0:15 GeV2 [14℄;� the di�eren
e in rapidity between the outgoing proton and the system X is �� �ln (1=xIP ) [15℄. Sin
e the 
ross se
tion in
reases with de
reasing xIP , most of the eventshave small xIP and therefore a large separation in rapidity between the outgoing protonand any other hadroni
 a
tivity in the event is expe
ted;5



� 
onservation of momentum implies that the system X must have a small mass (MX)with respe
t to the photon-proton 
entre-of-mass energy, sin
e 1� xL �> M2X=W 2.Conversely, in non-di�ra
tive DIS, both the hadroni
 system asso
iated with the stru
kquark, whi
h is largely measured in the dete
tor, and that of the proton remnant, whi
hpeaks in the forward dire
tion, originate from the hadronisation of 
olour-
onne
ted states.In this 
ase, the distribution of the �nal-state parti
les is governed by 
onventional frag-mentation and parti
les are emitted roughly uniformly in rapidity along the 
?p axis.Rapidity gaps are thus expe
ted to be exponentially suppressed [16℄.Therefore, to sele
t di�ra
tive events, either the �nal-state proton 
an be dete
ted (LPSmethod) or the di�erent 
hara
teristi
s of the system X in di�ra
tive and non-di�ra
tiveevents (hadroni
 methods) 
an be exploited.In the hadroni
 methods, events with high MX are not a

essible sin
e the non-di�ra
tiveba
kground grows with MX and the rapidity gap be
omes more and more forward (andeventually be
omes 
on�ned to the beam-pipe). In addition, the measured 
ross se
tionin
ludes a 
ontribution from events of the type ep ! eXN , in whi
h the proton alsodisso
iates into a low-mass state, N , separated from X by a rapidity gap. Hadrons fromthe system N 
an either es
ape undete
ted into the forward beam-pipe or fall into thedete
tor a

eptan
e. The mass of the system N thus enters as an additional variable,and the observed parti
les must be assigned either to N or to X. The 
ontribution fromproton-disso
iative events needs to be estimated from a Monte Carlo (MC) simulation.While these limitations add to the systemati
 un
ertainties, the statisti
al pre
ision of theresults is good due to the high a

eptan
e of the 
entral dete
tor. Although the a

eptan
eis not limited in t, no measurement of t is possible be
ause of the poor resolution of thetransverse momentum of the system X.High-xL samples sele
ted by the LPS method have little or no ba
kground from proton-disso
iative events or from non-di�ra
tive DIS. They also allow a dire
t measurement ofthe variables t, � and xIP , and give a

ess to higher values of MX . The statisti
al pre
ision,however, is poorer than for the results obtained with the hadroni
 methods be
ause of thesmall a

eptan
e of the proton taggers { approximately 2% in the di�ra
tive-peak region.At HERA, several di�ra
tive analyses based on the s
attered proton measurement havebeen 
arried out [14, 17{19℄. Analyses with the hadroni
 methods have been performedwith event sele
tions based both on the presen
e of forward large rapidity gaps (LRGmethod) [20,21℄ and on the shape of the mass distribution of the system X (MX method) [2,18, 22℄.The results presented here are based both on the LPS method and on the LRG method;the same data have also been analysed with the MX method [2℄. No attempt is madeto isolate the Pomeron 
ontribution, i.e. di�ra
tion in the stri
t sense of the term, from6




ontributions due to Reggeon and pion traje
tories or non-di�ra
tive DIS: only the 
on-tribution of proton-disso
iative events is statisti
ally subtra
ted.5 Re
onstru
tion of the kinemati
 variablesThe identi�
ation of the s
attered positron was based on a neural network [23℄ usinginformation from the CAL. If the positron was at angles large enough to be inside theCTD a

eptan
e, a CTD tra
k was required. The variables W and Q2 were re
onstru
tedusing a 
ombination of the ele
tron method and the double angle method [24℄.In the LPS analysis, the longitudinal (pZ) and transverse (pX ; pY ) momenta of the s
at-tered proton were measured. The fra
tional energy of the outgoing proton, xL, was de�nedas xL = pZ=Ep, where Ep is the in
oming proton energy. The variable t is given byt = �p2TxL � (1� xL)2xL M2p ; (5)where pT is the transverse momentum of the proton with respe
t to the in
oming beamdire
tion. The t resolution was approximately �(t)=t = 0:14 GeVpjtj, with jtj in GeV2,and was dominated by the angular spread of the HERA proton beam. The proton and thepositron momenta were used to determine �, the azimuthal angle between the positronand proton s
attering planes in the 
?p frame. The resolution in � was approximately0.2 rad.The four-momentum of the system X was determined from both 
alorimeter and tra
kinginformation. The energy deposits in the CAL and the tra
k momenta measured in theCTD were 
ombined into energy 
ow obje
ts (EFOs) [25,26℄ to obtain the best momentumresolution. The EFOs were 
orre
ted for energy losses due to the material of the dete
tor.The mass MX was evaluated asM2X;EFO = �XEi�2 � �X pX;i�2 � �X pY;i�2 � �X pZ;i�2 ;where (Ei, pX;i, pY;i, pZ;i) is the momentum four-ve
tor of the ith EFO and the sum runsover all EFOs not assigned to the s
attered positron.In the LPS analysis, the mass MX was also determined from the outgoing proton momen-tum as re
onstru
ted in the LPS,M2X;LPS � [1� xL(1 + x)℄W 2 :7



The best resolution on MX was obtained with MX;EFO when MX was small and withMX;LPS when MX was large; MX was therefore re
onstru
ted asM2X = wEFOM2X;EFO + wLPSM2X;LPS ; (6)where the weights wEFO and wLPS are inversely proportional to the 
orresponding resolu-tions, and wEFO+wLPS = 1. The resulting resolution was �(MX)=MX = 0:35=pMX + 0:08,with MX in GeV.The variables xIP and � were obtained from Eqs. (1) and (2), using the measured valuesof Q2, W , MX and negle
ting t, sin
e jtj � Q2;M2X .The variable y was re
onstru
ted as yJB = P (Ei�pZ;i)2Ee , where the sum runs over allEFOs not assigned to the s
attered positron and Ee is the energy of the in
ident positron(\Ja
quet-Blondel method" [27℄).6 Event sele
tionThe data used for the analysis were sele
ted at the trigger level [4, 28℄ by requiring thepresen
e of a s
attered positron in the CAL. The trigger sele
tion of the LRG data alsorequired that the energy deposited in the FPC be smaller than 20 GeV. For the LPS data,a s
attered proton was required in the LPS.O�ine, the following 
uts were imposed:� the energy of the s
attered positron was required to be larger than 10 GeV. The po-sition of the s
attered positron was required to be within the �du
ial region of theCAL. This was de�ned by a set of 
uts [29℄ whi
h removed regions where the ina
tivematerial was not adequately simulated or where the positron shower was not fully
ontained;� the requirement 45 < (E�PZ) < 65 GeV was imposed. Here E�PZ = P (Ei � pZ;i),with the summation running over all EFOs in
luding the s
attered positron. This
ut redu
ed the size of the QED radiative 
orre
tions and the photoprodu
tion ba
k-ground, where the s
attered positron es
aped undete
ted in the rear beam hole;� the Z 
oordinate of the intera
tion vertex, Zvtx, was required to be in the range�50 < Zvtx < 50 
m. Events without a measured vertex were assigned to the nominalintera
tion point;� events with two ele
tron 
andidates, of whi
h at least one la
ked an asso
iated tra
k,and whi
h were ba
k-to-ba
k within 5Æ in the azimuthal plane, were reje
ted. This 
utremoved the 
ontribution of QED Compton s
attering and deeply virtual Comptons
attering. 8



For the LRG sample, the presen
e of a rapidity gap of at least two units between thehadroni
 �nal-state X and the outgoing proton was ensured by requiring that the energydeposited in the FPC, EFPC, be smaller than 1 GeV and by demanding �CALmax < 3. Here�CALmax is the pseudorapidity of the most forward EFO with energy above 400 MeV in theCAL. This 
ombination of 
uts suppressed ba
kground from non-di�ra
tive and proton-disso
iative pro
esses.The following requirements were used to sele
t the s
attered proton measured in the LPS:� only events with pX < 0 were used as, for the present sample, the LPS a

eptan
e forpX > 0 was low;� the 
andidate proton was tra
ked along the beam line and was reje
ted if the distan
eof 
losest approa
h to the beam-pipe was less than 0.2 
m. It was also reje
ted ifthe X position of the tra
k impa
t point at station S4 (upper part) was smaller than�3:0 
m. These 
uts redu
ed the sensitivity of the a

eptan
e to the un
ertainty inthe position of the beam-pipe apertures;� beam-halo ba
kground was 
aused by s
attered protons with energy 
lose to that ofthe beam, originating from the intera
tion of a beam proton with the residual gasin the beam-pipe or with the 
ollimators. A beam-halo proton may overlap with astandard non-di�ra
tive DIS event. In this 
ase, the proton measured in the LPS wasun
orrelated with the a
tivity in the 
entral dete
tor. This ba
kground was suppressedby the requirement that the sum of the energy and the longitudinal 
omponent of thetotal momentum measured in the CAL and the LPS be less than the kinemati
 limitof twi
e the in
oming proton energy: E + PZ ' (E + PZ)CAL + 2pLPSZ < 1860 GeV.This 
ut took into a

ount the resolution of the measurement of pLPSZ . The residualbeam-halo ba
kground and its subtra
tion are dis
ussed in Se
tion 8.2.� the variable t was required to be in the range 0:09 < jtj < 0:55 GeV2. This 
uteliminated regions where the LPS a

eptan
e was small or rapidly 
hanging.The LRG analysis was further restri
ted to the regions 2 < Q2 < 305 GeV2, 40 < W <240 GeV, 2 < MX < 25 GeV and 0:0002 < xIP < 0:02; the average Q2 value is 13 GeV2.For the LPS sample, the region sele
ted was 2 < Q2 < 120 GeV2, 40 < W < 240 GeV,2 < MX < 40 GeV and 0:0002 < xIP < 0:1; the average Q2 value for the LPS sample is11 GeV2. These sele
tions yielded 708,851 events for the LRG analysis and 15,130 for theLPS analysis.The LRG and LPS samples were 
olle
ted simultaneously: 0.7% of the LRG events havea proton measured in the LPS and 35% of the LPS events are also 
ontained in the LRGsample. 9



7 Monte Carlo simulation and a

eptan
e 
orre
tionsMonte Carlo simulations were used to 
orre
t the data for a

eptan
e and dete
tor e�e
ts.Di�ra
tive events were simulated with the Satrap generator [30℄, whi
h is based onthe saturation model of Gole
-Biernat and W�ustho� [31℄. Satrap is embedded in theRapgap framework [32℄. The version of Satrap used here is identi
al to that used ina previous ZEUS publi
ation [2℄, ex
ept for some reweighting to des
ribe the measureddistributions for the higher-xIP events, where Reggeon and pion ex
hanges be
ome signif-i
ant.Di�ra
tive events were also modelled with Rapgap 2.08/06 [32℄, whi
h is based on themodel of Ingelman and S
hlein [33℄ and assumes Regge fa
torisation: the stru
ture fun
-tion FD(4)2 is expressed as the sum of separately fa
torisable Pomeron and Reggeon 
on-tributions, FD(4)2 (xIP ; t; �; Q2) = fIP (xIP ; t)F IP2 (�;Q2) + fIR(xIP ; t)F IR2 (�;Q2) : (7)The Pomeron and Reggeon 
uxes, fIP;IR(xIP ; t), were parameterised [1℄ asfIP;IR(xIP ; t) = ebIP;IR0 tx2�IP;IR(t)�1IP ; (8)with linear traje
tories �IP;IR(t) = �IP;IR(0)+�0IP;IRt, and with the values of the parameterstaken from hadron-hadron data [34℄. The Pomeron stru
ture fun
tion F IP2 (�;Q2) wastaken from the H1 dPDF �t 2 [35℄. The stru
ture fun
tion F IR2 is unknown and wasassumed to be that of the pion [36℄.The pro
ess of QCD radiation was simulated di�erently in the two MC samples. Inthe Satrap sample, a parton-shower model as implemented in Meps [37℄ was used. Inthe Rapgap sample, higher-order QCD radiation was simulated with Ariadne [38℄. Inboth 
ases hadronisation was simulated with the Lund string model as implemented inJetset 7.4 [39, 40℄.Initial- and �nal-state QED radiation was simulated by using Satrap or Rapgap in
onjun
tion with Hera
les 4.6 [41℄. The measurements were 
orre
ted for these e�e
tsand the 
ross se
tions are presented at the Born level.The in
lusive DIS events were simulated with Djangoh 1.1 [42℄, using the CTEQ4D [43℄parameterisation of the proton parton densities.The Pythia 6.2 generator [44℄ was used to study the photoprodu
tion ba
kground as wellas the proton-disso
iative 
ontribution (see Se
tion 8.1). Events in the proton-disso
iativeMC sample were reweighted su
h as to give a good des
ription of all measured variablesin the data. 10



All generated events were passed through the standard ZEUS dete
tor simulation, basedon the Geant 3.13 program [45℄, and through the trigger simulation pa
kage. Themeasurements were 
orre
ted for dete
tor a

eptan
e and resolution, and for radiativee�e
ts, with suitable 
ombinations of the various MC models. A 
omparison of dataand SATRAP for the LRG analysis is presented in Fig. 2 for the variables �CALmax , MX ,Q2, W , xIP and �. The simulation is in satisfa
tory agreement with the data in theregion of interest, indi
ated by verti
al lines in the plots. A similar 
omparison for theLPS analysis is presented in Fig. 3 for the variables xL, jtj, Q2, W , MX , and xIP . Thesimulation reprodu
es the data reasonably well. The di�ra
tive peak is evident in Fig. 3a.7.1 Cross-se
tion extra
tionThe di�ra
tive redu
ed 
ross se
tion at a given point within a bin was obtained fromthe ratio of the ba
kground-subtra
ted number of events to the number of events in thatbin predi
ted by SATRAP, multiplied by the Born-level redu
ed 
ross se
tion used inSATRAP. Both the a

eptan
e and the bin-
entring 
orre
tions were thus taken fromSATRAP.For the LPS data, the 
ross se
tion was dire
tly measured only in a limited t region andextrapolated to 0 < jtj < 1 GeV2 assuming an exponential t-dependen
e, d�ep!eXp=dt /exp (�bjtj), with b = 7:0 GeV�2. The e�e
t of the extrapolation is to in
rease the 
rossse
tion by a fa
tor of about two; this fa
tor is largely independent of kinemati
s. Datafrom elasti
 and proton-disso
iative pp and �pp s
attering indi
ate that the t distributionis better des
ribed by the fun
tion exp (�bjtj + 
t2). For example, �ts to the �pp dataat ps = 546 GeV [46℄ yield 
 = 2:3 � 0:1 GeV�4. In the extrapolation to the range0 < jtj < 1 GeV2, 
 was nominally set to zero and 
hanged up to 4 GeV�4, yielding
hanges in the extrapolated 
ross se
tion of up to +9% (setting 
 to 2 GeV�4 
hangesthe 
ross se
tion by +6%). This e�e
t was in
luded in the normalisation un
ertaintydis
ussed in Se
tion 9.8 Ba
kgrounds8.1 LRG analysisThe main sour
e of ba
kground in the LRG sample 
omes from events of the typeep ! eXN , in whi
h the proton disso
iates into a low-mass system, N . The proton-disso
iative system 
an either es
ape entirely undete
ted in the forward beam-pipe orleak partially into the dete
tor a

eptan
e and therefore be measured by the FPC and11



the CAL. In the former 
ase, the ba
kground events are in
luded in the measured 
rossse
tion, so that they bias the normalisation. As indi
ated by MC simulations, in the latter
ase most of the events are reje
ted by the FPC veto and by the �CALmax 
ut.The ratio of the LPS to the LRG results measures the fra
tion of proton-disso
iativeevents in the LRG sample. The ratio is 0:76 � 0:01(stat:)+0:03�0:02(syst:)+0:08�0:05(norm:) and isindependent of Q2, xIP and �, as dis
ussed in Se
tion 10.4; the last un
ertainty re
e
tsthe normalisation un
ertainties, mostly due to the LPS data. The per
entage of proton-disso
iative events in the LRG sample is therefore 24� 1(stat:)+2�3(syst:)+5�8(norm:)%.The 
ontribution of proton-disso
iative events to the measured 
ross se
tions was also esti-mated with Pythia. A sample of proton-disso
iative data was sele
ted in two alternativeways:� by requiring �CALmax < 2 and EFPC > 1 GeV, and the remaining sele
tion as des
ribed inSe
tion 6 for the LRG events (this will be referred to as FPC PDISS sample);� by adding to the sele
tion des
ribed in Se
tion 6 for the LRG events the requirementthat a proton be measured in the LPS with 0:5 < xL < 0:9 (LPS PDISS sample).The generated Pythia distributions for MN , MX and Q2 were reweighted to give the bestdes
ription of these data samples, in parti
ular the EFPC distribution in the FPC PDISSsample and the xL distribution in the LPS PDISS sample. The median of the generatedMN distribution in Pythia is 1.7 GeV. The median of the same distribution for the eventswhi
h pass the LRG analysis 
uts is 1.6 GeV. Figures 4a{b show the 
omparison ofPythiawith the proton-disso
iative samples FPC and LPS PDISS as a fun
tion EFPC and xL,respe
tively. Also shown in Figs. 4
{e is the fra
tion of proton-disso
iative events expe
tedin the LRG sample as a fun
tion of Q2, � and xIP . This fra
tion, obtained separatelyfrom the LPS and FPC PDISS samples, is 
onstant at the level of 25% in both 
ases. Theaverage of the FPC and LPS estimates provides a measurement of the proton-disso
iative
ontribution to the LRG sample of 25 � 1(stat:) � 3(syst:)%, 
onsistent with the ratioof the LPS to LRG results quoted above. The systemati
 un
ertainty was estimated byvarying the shape of the generated MN distribution, by 
hanging the FPC 
ut as wellas the �CALmax 
ut and by taking into a

ount the LPS normalisation un
ertainty. The
ombination of the LPS and FPC PDISS samples 
overs nearly the whole MN spe
trum,in
luding the lowest MN values. This fa
t, along with the agreement with the LPS toLRG ratio, lends support to the present estimate of the proton disso
iation ba
kground. Aba
kground 
ontribution of Rdiss = 25�1(stat:)�3(syst:)% was therefore subtra
ted fromthe data2. Unless stated otherwise, all results are thus given for the rea
tion ep! eXp,i.e. MN = Mp.2 In terms of the ratio RMX = 1=(1 � Rdiss) used elsewhere [14, 18℄, this ba
kground 
ontribution
orresponds to RMX = 1:33� 0:02(stat:)� 0:05(syst:).12



The Pythia generator was also used to evaluate the photoprodu
tion ba
kground, whi
harises from low-Q2 events in whi
h the s
attered positron es
apes undete
ted in the reardire
tion and one of the �nal-state hadrons is misidenti�ed as a positron. The largest
ontribution was found in the lowest Q2 bin (2 < Q2 < 3 GeV2), where it was about 1.2%.This ba
kground was negle
ted.The 
ontribution of non-di�ra
tive events, estimated with Djangoh 1.1, was found tobe roughly 10% in the highest xIP bin (0:01 < xIP < 0:02) and to de
rease rapidly withde
reasing xIP . This ba
kground was not subtra
ted but bins in whi
h the 
ontributionwas larger than 10% were reje
ted.8.2 LPS analysisThe main ba
kground 
ontribution in the LPS sample at high xL is given by proton beam-halo events. In su
h events, the proton dete
ted in the LPS is not 
orrelated with themeasurements in the 
entral dete
tor. To estimate this ba
kground, the variable E + PZ(see Se
tion 6) was used. For a signal event, this quantity should be equal to twi
e theinitial proton energy, 1840 GeV, whereas for a beam-halo event it 
an ex
eed this value.The E+PZ spe
trum for the beam-halo events was 
onstru
ted as a random 
ombinationof a generi
 DIS event (without the requirement of a tra
k in the LPS) and a beam-halotra
k measured in the LPS, un
orrelated with the measurement in the main dete
tor;here PZ in
ludes the 
ontribution of the energy deposition in the CAL and the protonmomentum measured in the LPS. The resulting distribution, shown in Fig. 5 as thehistogram, was normalised to the data for E+PZ > 1925 GeV; this part of the distribution
ontains beam-halo events only. The ba
kground remaining after the 
ut at E + PZ <1860 GeV averages to 3:0� 0:1 (stat:)%, and is a de
reasing fun
tion of xIP . The resultspresented in this paper were 
orre
ted for this ba
kground.The 
ontribution from proton-disso
iative events, ep! eXN , studied with Pythia, wasaround 9% at xIP = 0:1, de
reasing rapidly with de
reasing xIP . All results were 
orre
tedfor this ba
kground. In the region xIP < 0:02, this ba
kground is negligible.The photoprodu
tion ba
kground was negligible.9 Systemati
 un
ertaintiesThe systemati
 un
ertainties were estimated [14,29℄ by varying the 
uts and by modifyingthe analysis pro
edure. The variations of the 
uts were typi
ally 
ommensurate with theresolutions of the relevant variables. 13



For ea
h systemati
 
he
k, the average e�e
t on the 
ross se
tion in the measured bins isindi
ated using the notation (+a�b). Given a systemati
 
he
k whi
h produ
ed an in
rease ofthe 
ross se
tion in some bins and a de
rease in some other bins, a is the average in
reaseand b is the average de
rease.For both the LPS and LRG analyses, the following 
he
ks were performed:� to evaluate the un
ertainties due to the measurement of the s
attered positron, the�du
ial region for the impa
t position of the positron on the fa
e of the CAL aroundthe rear beam-pipe was enlarged by 1 
m (+1:2�0:2)%;� the minimum energy of the positron was in
reased to 12 GeV (+0:2�0:3)%;� the minimum value of E � PZ was raised to 47 GeV (+1:0�0:7)%;� the 
ut on the Z 
oordinate of the vertex was restri
ted to�40 < Zvtx < 40 
m (+0:5�0:5)%;� the e�e
t of the un
ertainty in the absolute 
alorimeter energy 
alibration was es-timated by 
hanging the energy s
ale by �2% in the data only, separately for thes
attered positron (+2:5�2:3)% and the hadroni
 system (+2:3�2:3)%;� the xIP distribution in the MC was reweighted by a fa
tor (xIP=0:01)k, with k varyingbetween �0:03 and +0:03; the e�e
t was (+0:4�0:4)% in the LPS analysis and (+3:0�2:9)% inthe LRG analysis, the di�eren
e being mainly due to the 
orrelation between the xIPand �max variables.For the LRG analysis, the following spe
i�
 
he
ks were also performed:� the FPC energy 
ut was lowered to 0.7 GeV (+0:5�0:4)%;� the energy threshold on the most forward EFO used to re
onstru
t �CALmax was loweredto 300 MeV (+0:4�0:3)% and in
reased to 500 MeV (+0:2�0:4)%.For the LPS analysis, the following spe
i�
 
he
ks were also performed:� the 
ut on the minimum distan
e of approa
h to the beam-pipe was in
reased by0.03 
m (+0:4�0:8)%;� the t range was restri
ted to 0:1 < jtj < 0:5 GeV2 (+4:1�5:1)%;� the proton-disso
iative ba
kground was varied by �30% (+0:9�0:9)%;� the value of the t-slope in the MC was 
hanged by �1 GeV�2 (+4:0�2:9)%;� the � distribution in the MC was reweighted by a fa
tor (1 + k 
os �), with k varyingbetween �0:15 and +0.15 (+1:0�0:9)%;� the intrinsi
 transverse-momentum spread of the proton beam at the intera
tion pointwas in
reased by 5 MeV in the horizontal plane and 10 MeV in the verti
al plane(+1:6�1:9)%. 14



The total systemati
 un
ertainty for ea
h bin was taken as the quadrati
 sum of theindividual 
ontributions. The e�e
t of using the generator Rapgap for the a

eptan
e
orre
tions instead of Satrap was estimated (+9:3�8:6)% but not in
luded in the error barsas Rapgap was found to provide a poor des
ription of the data distributions.For the LPS data, there is also an overall un
ertainty of �7% whi
h originates mostlyfrom the un
ertainty of the simulation of the proton-beam opti
s { largely independentof the kinemati
 variables, and therefore taken as a normalisation un
ertainty. It alsoin
ludes the un
ertainty on the integrated luminosity (�2:25%).In the LPS results integrated over t (�D(3)r and d�=d�), an additional +9% un
ertainty ispresent, due to the extrapolation from the measured to the full t range (see Se
tion 7.1).The overall LPS normalisation un
ertainty then be
omes +11�7 %.For the LRG data, the un
ertainty on the integrated luminosity (�2:25%) and that onthe proton disso
iation ba
kground (�4%) give an overall normalisation un
ertainty of�5%.10 ResultsThe results in this se
tion are presented as follows. The 
ross-se
tion d�ep!eXp=dt in theregion 0:09 < jtj < 0:55 GeV2 is dis
ussed �rst. The data are then integrated over t andextrapolated to the range 0 < jtj < 1 GeV2, as dis
ussed in Se
tion 7.1. The resulting
ross se
tions are presented as a fun
tion of � in Se
tion 10.2, where the sensitivity of thepresent data to the heli
ity stru
ture of the rea
tion ep ! eXp is dis
ussed. The LPSdata were used for both the t and the � 
ross se
tions. In Se
tions 10.3 and 10.4, thedata are presented in terms of the di�ra
tive redu
ed 
ross se
tions, �D(4)r and �D(3)r . Theformer was measured, for the �rst time, in two bins of t, and was obtained from the LPSdata. The latter was obtained both from the LPS data, after integration over t, and fromthe LRG data. In Se
tion 10.5, the xIP dependen
e of �D(4)r and �D(3)r is used to extra
t theinter
ept of the Pomeron traje
tory, �IP (0), the quantity that, in Regge phenomenology,determines the energy dependen
e of the total hadron-hadron 
ross se
tion [1℄.The results for the LPS sample extend up to xIP = 0:1. In this paper, the LPS data inthe di�ra
tive-peak region are often 
ompared with those at high xIP . For this purpose,the value xIP = 0:01 was 
hosen as the transition between the high- and low-xIP bins,su
h that the low-xIP bins are dominated by di�ra
tive-peak events, while at higher xIPReggeon and pion ex
hanges are important [3℄. This 
hoi
e is somewhat restri
tive, sin
ethe di�ra
tive peak extends well below xL = 0:99, see Fig. 3a. In the region xIP < 0:01,the 
ontribution from non-Pomeron ex
hanges is less than 10%. The average value of xIPis 0.003 for xIP < 0:01 and 0.043 for 0:01 < xIP < 0:1.15



10.1 t dependen
eThe di�erential 
ross-se
tion d�ep!eXp=dt, obtained from the LPS data in the kinemati
range 2 < Q2 < 120 GeV2, 2 < MX < 40 GeV, 40 < W < 240 GeV and 0:09 < jtj <0:55 GeV2, both for 0:0002 < xIP < 0:01 (di�ra
tive-peak region) and 0:01 < xIP < 0:1, ispresented in Fig. 6 and Table 1.The data were �tted with the single-exponential fun
tion d�ep!eXp=dt / e�bjtj. The valueof the slope parameter, b, obtained from the �t in the region 0:0002 < xIP < 0:01 is b =7:0� 0:3 GeV�2, with �2/ndf=1.8 (ndf=2) when statisti
al and systemati
 un
ertaintiessummed in quadrature are used in the �t. This result agrees with the previous ZEUSresult [14℄. In the high-xIP region, 0:01 < xIP < 0:1, the �t gives b = 6:9�0:3 GeV�2 with�2/ndf=1.1, again when the quadrati
 sum of statisti
al and systemati
 un
ertainties isused.The values of the t-slope in di�erent bins of Q2, MX and xIP are shown in Fig. 7 andgiven in Table 2. The di�ra
tive-peak as well as the high-xIP region are shown. Thet-slope does not depend on Q2, MX and xIP in the measured regions. The la
k of Q2dependen
e in a wide range of Q2 as well as a value of b mu
h larger than that measuredin hard di�ra
tion (as dis
ussed in a re
ent ZEUS publi
ation [47℄) suggests that in
lusivedi�ra
tive disso
iation in DIS is a soft pro
ess.10.2 � dependen
eThe azimuthal angle, �, between the positron and proton s
attering planes is sensitive tothe heli
ity stru
ture of the rea
tion ep! eXp, as shown expli
itly in Eq. (4). To redu
ethe � dependen
e of the a

eptan
e, an additional radial 
ut of 18 
m was imposed on theimpa
t point of the s
attered positron at the RCAL surfa
e, along with the restri
tionQ2 > 4 GeV2. These 
uts were only applied for the � analysis. The LPS data were used.The � distribution for the two ranges 0:0002 < xIP < 0:01 and 0:01 < xIP < 0:1 ispresented in Figs. 8a{b and Table 3.The distributions were �tted to the formd�ep!eXpd� / 1 + ALT 
os � + ATT 
os 2�;where ALT and ATT are proportional to �
?p!XpLT and �
?p!XpTT , respe
tively. The valuesof the azimuthal asymmetries areALT = �0:036� 0:036(stat:)+0:016�0:014(syst:);ATT = �0:030� 0:037(stat:)+0:022�0:006(syst:)16



and ALT = +0:051� 0:024(stat:)+0:012�0:011(syst:);ATT = �0:010� 0:024(stat:)+0:010�0:009(syst:)for the ranges 0:0002 < xIP < 0:01 and 0:01 < xIP < 0:1, respe
tively.The interferen
e terms between the longitudinal and transverse amplitudes and betweenthe two transverse amplitudes are thus small in the measured kinemati
 range, both in thedi�ra
tive-peak region and at higher-xIP values, suggesting that the heli
ity stru
ture ofthe rea
tion ep ! eXp is similar for both Pomeron and sub-leading Regge traje
tories.Figure 9 presents ALT and ATT as a fun
tion of xIP , and, for xIP < 0:01, as a fun
tion of�, t and Q2. The asymmetries, also given in Tables 4 and 5, are 
onsistent with zero.The measured values of ALT 
an be 
ompared with the results obtained in the ex
lu-sive ele
troprodu
tion of �0 mesons, ep ! e�0p, in whi
h the hadroni
 �nal state,X, 
onsists of a �0 meson only. In this 
ase, ALT = �p2�(1 + �) � (r500 + 2r511) =�0:256� 0:030(stat:)+0:032�0:022(syst:), where r500 and r511 are two of the �0 spin-density matrixelements [47℄. The present data therefore show that the asymmetry is smaller for in
lusives
attering than for ex
lusive �0 ele
troprodu
tion.There are numerous pQCD-based predi
tions for the behaviour of ALT [48{51℄ in thedi�ra
tive peak region, mostly for � �> 0:9, where the asymmetry is expe
ted to belargest, re
e
ting the dominan
e of �
?p!XpL at large � values. In all 
al
ulations, ba
k-to-ba
k 
on�gurations, i.e. ALT < 0, are favoured. There is no indi
ation of su
h abehaviour in the present data; the statisti
s at high � is however limited. The asymmetryis expe
ted to be 
lose to zero at low �, in agreement with the data.10.3 The redu
ed 
ross-se
tion �D(4)rThe LPS data are presented in Fig. 10 in terms of the redu
ed 
ross-se
tion �D(4)r in twot bins, 0:09 < jtj < 0:19 GeV2 and 0:19 < jtj < 0:55 GeV2, with hjtji = 0.13 GeV2 andhjtji = 0.3 GeV2, respe
tively. The �gure shows xIP�D(4)r , also given in Tables 6 and 7, asa fun
tion of xIP for di�erent values of �, Q2 and jtj.At low xIP and high �, xIP�D(4)r de
reases with in
reasing xIP . At medium xIP and �, thedependen
e of xIP�D(4)r on xIP is weak, whereas at high xIP and low �, xIP�D(4)r in
reaseswith in
reasing xIP . The behaviour observed at high xIP and low � 
an be as
ribed toReggeon and pion ex
hange. The Regge �t des
ribed in Se
tion 10.5 indi
ates that theshape of the xIP dependen
e is the same in the two t bins.17



10.4 The redu
ed 
ross-se
tion �D(3)rThe redu
ed 
ross se
tion, xIP�D(3)r , obtained with the LPS method, is shown in Fig. 11and given in Table 8 as a fun
tion of xIP for di�erent values of � and Q2. The samefeatures already dis
ussed for xIP�D(4)r are seen here. The LPS data are also shown inFig. 12 
ompared with the H1 data from the H1 forward proton spe
trometer (FPS) [19℄.For this plot, the analysis was redone using the same Q2 and � bins as H1, thus avoidingextrapolation un
ertainties. The agreement is satisfa
tory.The LRG data, 
orre
ted to MN = Mp as dis
ussed in Se
t. 8.1, are presented in Figs. 13and 14 in terms of the redu
ed 
ross se
tion, �D(3)r . The �gures show xIP�D(3)r , also givenin Table 9, as a fun
tion of xIP for di�erent values of � and Q2. The behaviour of xIP�D(3)ris similar to that observed above for xIP�D(4)r , with an in
rease with de
reasing xIP at lowxIP and high �.Figure 15 shows the ratio of the �D(3)r values obtained with the LPS method to those ob-tained with the LRG method, before the subtra
tion of the proton-disso
iative 
ontribu-tion. The ratio is independent of xIP , Q2 and � and averages 0:76�0:01(stat:)+0:03�0:02(syst:).The xIP , Q2 and � dependen
es of �D(3)r measured with the LPS method and the LRGmethod are 
onsistent in the region of overlap. The normalisation di�eren
e is as
ribedto the proton-disso
iative 
ontribution in the LRG sample, as dis
ussed in Se
tion 8.1.The LRG data, 
orre
ted to MN < 1:6 GeV as des
ribed below, are shown as a fun
tion ofQ2 in di�erent � bins for xIP = 0:0003, xIP = 0:001, xIP = 0:003 and xIP = 0:01 in Figs. 16and 17. The values of xIP�D(3)r exhibit a logarithmi
 rise with Q2 for all � values ex
eptin the lowest xIP bin (xIP = 0:0003) and in the highest � bin (� = 0:8). The rise observedeven at high � suggests that the di�ra
tive PDFs of the proton are gluon-dominated.In Figs. 16 and 17 the LRG results are also 
ompared with those of the H1 Collabora-tion [20℄, similarly obtained with the LRG method. The ZEUS results are measured inthe H1 � and xIP bins; they are 
orre
ted to MN < 1:6 GeV, as are the H1 data. The
orre
tion to MN < 1:6 GeV for the present data, before the subtra
tion of the proton-disso
iation ba
kground, was estimated with Pythia to be 0:91 � 0:07, independent of�, Q2 and xIP . Therefore, the ZEUS results in Figs. 16 and 17 were s
aled down by0:91. With some ex
eptions, the shape agreement is reasonable. The ZEUS data arehigher than the H1 data by 13% on average, as estimated with a global �t to data forQ2 > 6 GeV2. This normalisation dis
repan
y is 
onsistent with the 8% un
ertainty on theproton-disso
iation 
orre
tion of 0:91� 0:07 
ombined with the 7% relative normalisationun
ertainty between the two data sets (�7% for H1 and � 2.25% for ZEUS).Figures 16 and 17 are 
ombined in Fig. 18 where the H1 and ZEUS redu
ed 
ross se
tions,the latter s
aled down by the fa
tor 1�0:13 = 0:87 just des
ribed, are shown as a fun
tion18



of Q2 in di�erent � and xIP bins. The result of the NLO QCD �t \H1 2006 �t B" [20℄ isalso shown. At �xed �, the Q2 dependen
e of the two data sets, taken together, is di�erentfor di�erent xIP values. Therefore, the data 
annot be des
ribed by a single fa
torisableRegge 
ontribution.Figures 19 and 20 
ompare the LRG results, 
orre
ted to MN = Mp, to those obtainedwith the MX method, referred to as FPC I [22℄ and FPC II [2℄. The LRG and FPC IIdata were 
olle
ted simultaneously; the two samples overlap by about 75%. The LRGresults were re
al
ulated in the bins used for the MX-method results. The latter are forMN < 2:3 GeV, but have been normalised here to the LRG results. The s
aling fa
torapplied to the MX results was 0.83 � 0.04, estimated with a global �t to the presentdata and the MX data; this fa
tor quanti�es the amount of residual proton-disso
iativeba
kground in the MX method. The overall agreement between the two measurementsis reasonable. The di�erent xIP dependen
e, more evident at low Q2, may be as
ribed tothe fa
t that in the MX results the 
ontribution of the Reggeon and pion traje
tories issuppressed. In the low-Q2 region, the Q2 behaviour is somewhat di�erent in the two datasets, with the MX-method results de
reasing faster with Q2 than the LRG results.10.5 Extra
tion of the Pomeron traje
toryIn the framework of Regge phenomenology, the xIP dependen
e of FD(4)2 and FD(3)2 isrelated to the inter
ept of the Pomeron traje
tory, the parameter that drives the energydependen
e of the total hadron-hadron 
ross se
tion at high energies [1℄. The Pomeroninter
ept in soft hadroni
 intera
tions is 1:096+0:012�0:009 [52℄. However, the same parameteris signi�
antly larger in the di�ra
tive produ
tion of heavy ve
tor mesons, notably inJ= photoprodu
tion (see e.g. [21, 53℄), re
e
ting the rapid rise of the 
ross se
tion withW . This is a 
onsequen
e of the in
rease of the parton densities in the proton at low x,whi
h drives the rise of the 
ross se
tion with de
reasing x, and hen
e with de
reasingxIP (sin
e xIP / 1=W 2 / x). The slope of the Pomeron traje
tory, �0IP , is smaller in thedi�ra
tive produ
tion of ve
tor mesons [53℄ than in soft hadron-hadron 
ollisions, where�0IP = 0:25 GeV�2 [15℄. It is therefore interesting to determine if su
h deviations fromthe behaviour of the hadron-hadron data are also apparent in the in
lusive di�ra
tivedisso
iation of virtual photons.Following the Regge fa
torisation assumption (see Eq. (7)), the data of Fig. 10 were �ttedto the form FD(4)2 = fIP (xIP ; t) � F IP2 (�;Q2) + nIR � fIR(xIP ; t) � F IR2 (�;Q2) ;where nIR is a normalisation term. It was assumed that FD(4)2 = �D(4)r and the �t waslimited to y < 0:5 to redu
e the in
uen
e of FDL . The Pomeron and the Reggeon 
uxes19



were parameterised as [1℄fIP (xIP ; t) = eBIP tx2�IP (t)�1IP and fIR(xIP ; t) = eBIRtx2�IR(t)�1IP ;and the Pomeron and Reggeon traje
tories were both assumed to be linear. The �ttedparameters were the Pomeron traje
tory, �IP (0) and �0IP , the inter
ept of the Reggeontraje
tory, �IR(0), the slope, BIP , and the Reggeon normalisation term, nIR. The Reggeonstru
ture fun
tion, F IR2 (�;Q2), was taken to be equal to the pion stru
ture fun
tion asparameterised by GRV [54{56℄. The slope BIR was �xed to 2:0 GeV�2, taken from hadron-hadron data, and the slope of the Reggeon traje
tory, �0IR, was �xed to 0:9 GeV�2. Thelines in Fig. 10 show the result of the �t. The results for the �t parameters are given inTable 10.The model un
ertainty re
e
ts the e�e
t of RD, whi
h was varied between 0 and 1, andthat of the parameterisation of the pion stru
ture fun
tion, whi
h was 
hanged from thatof GRV to that of Owens [36℄. The quality of the �t is good. The Pomeron inter
ept is
onsistent with that of the soft Pomeron. The result for �0IP is signi�
antly lower than�0IP = 0:25 GeV�2; it agrees with the result re
ently found by the H1 Collaboration [20℄as well as with the values found in the di�ra
tive produ
tion of ve
tor mesons [53℄. TheReggeon inter
ept is higher than the expe
tation of 0.5475 based on the Donna
hie andLandsho� �ts to the pp, �pp, Kp, �p and 
p total 
ross se
tion data [34℄. Allowing formaximal interferen
e between the Pomeron and Reggeon amplitudes also gives a good �t.A similar �t was performed to the �D(3)r LRG points. The result of the �t is shown inFigs. 13 and 14 and the parameters, both those kept �xed and those obtained from the�t, are summarised in Table 11. The �rst un
ertainty is that from the �t, in whi
h thequadrati
 sum of statisti
al and systemati
 un
ertainties was used. The model un
ertaintyre
e
ts the variation of �0IP between 0 and 0.1 GeV�2 and that of �IR(0) between 0.55 and0.75; in addition, as for the �t to the LPS data, RD was varied between 0 and 1, andthe pion stru
ture fun
tion parameterisation was 
hanged from that of GRV to that ofOwens [36℄. Here again, the �t was limited to y < 0:5. The quality of the �t is very good.Figure 21 shows �IP (0) as a fun
tion of Q2; it was obtained with a �t to the LRG data inbins of Q2, similar to that des
ribed earlier for the full Q2 range. The Reggeon normali-sation term, nIR, was �xed to the value nIR = 2:6� 0:3, extra
ted from a 
ombined Regge�t to the LPS and LRG results in the full Q2 range. The LPS result and those obtainedwith the MX method, FPC I [22℄ and FPC II [2℄, are also shown. In the region explored,the present data do not exhibit a signi�
ant dependen
e on Q2. The agreement with theMX -method results is fair. 20



11 SummaryMeasurements have been presented of the rea
tion ep ! eXp obtained by requiring alarge rapidity gap in the forward dire
tion (LRG sample) or the dete
tion of a proton in theleading proton spe
trometer (LPS sample). The kinemati
 region is 2 < Q2 < 305 GeV2(LRG) or 2 < Q2 < 120 GeV2 (LPS), 40 < W < 240 GeV, 2 < MX < 25 GeV (LRG) or2 < MX < 40 GeV (LPS), 0:0002 < xIP < 0:02 (LRG) or 0:0002 < xIP < 0:1 (LPS) and0:09 < jtj < 0:55 GeV2 (LPS).The LPS data are presented in terms of the t and � dependen
es of the 
ross se
tion,as well as of the xIP , Q2, � and t dependen
es of the redu
ed di�ra
tive 
ross se
tion,�D(4)r . The t dependen
e of the 
ross se
tion is approximately exponential, with a t-slopeb = 7:0 � 0:4 GeV�2. The slope is independent of Q2, MX and xIP . The la
k of Q2dependen
e and the value of b mu
h larger than that measured in hard di�ra
tion suggestthat this is a soft pro
ess. There is no signi�
ant � dependen
e of the 
ross se
tion. The
ross-se
tion �D(4)r was measured for the �rst time in two t bins and was found to havethe same xIP dependen
e in the two bins.The redu
ed 
ross-se
tion �D(3)r was measured using both the LRG and LPS data. Con-sistent results were found for the shape. The normalisation di�eren
e of about 25% isas
ribed to the proton-disso
iative 
ontribution in the LRG data. Within the normalisa-tion un
ertainties the results agree reasonably well with the H1 measurements [20℄. The
omparison with the ZEUS MX -method results [2, 22℄ indi
ates that the latter have aresidual proton-disso
iative 
ontribution of 17%; the shape agreement is good, espe
iallyat low xIP . A Regge �t to �D(3)r supports the Q2 independen
e of �IP (0).A
knowledgementsWe thank the DESY Dire
torate for their support and en
ouragement. We are gratefulfor the support of the DESY 
omputing and network servi
es. We are spe
ially gratefulto the HERA ma
hine group: 
ollaboration with them was 
ru
ial to the su

essful instal-lation and operation of the leading proton spe
trometer. The design, 
onstru
tion andinstallation of the ZEUS dete
tor have been made possible by the ingenuity and e�ortof many people who are not listed as authors. It is a pleasure to thank A.D. Martin,M.G. Ryskin and G. Watt for many useful dis
ussions.
21



Referen
es[1℄ P.D.B. Collins, An Introdu
tion to Regge Theory and High Energy Physi
s, Cam-bridge University Press, Cambridge (1977);S. Donna
hie et al., Camb. Monogr. Part. Phys. Nu
l. Phys. Cosmol. 19 (2002) 1.[2℄ ZEUS Coll., S. Chekanov et al., DESY Report DESY-08-011, arXiv:0802.3017v2[hep-ex℄, a

epted by Nu
l. Phys. B.[3℄ K. Gole
-Biernat, J. Kwie
inski and A. Sz
zurek, Phys. Rev. D 56, 3955 (1997).[4℄ ZEUS Coll., U. Holm (ed.), The ZEUS Dete
tor, Status Report (unpublished), DESY(1993), available on http://www-zeus.desy.de/bluebook/bluebook.html.[5℄ ZEUS Coll., M. Derri
k et al., Phys. Lett. B 293, 465 (1992).[6℄ N. Harnew et al., Nu
l. Inst. Meth. A 279, 290 (1989);B. Foster et al., Nu
l. Phys. Pro
. Suppl. B 32, 181 (1993);B. Foster et al., Nu
l. Inst. Meth. A 338, 254 (1994).[7℄ M. Derri
k et al., Nu
l. Inst. Meth. A 309, 77 (1991);A. Andresen et al., Nu
l. Inst. Meth. A 309, 101 (1991);A. Caldwell et al., Nu
l. Inst. Meth. A 321, 356 (1992);A. Bernstein et al., Nu
l. Inst. Meth. A 336, 23 (1993).[8℄ A. Bamberger et al., Nu
l. Inst. Meth. A 401, 63 (1997).[9℄ ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 21, 443 (2001).[10℄ A. Dwurazny et al., Nu
l. Inst. Meth. A 277, 176 (1989).[11℄ ZEUS Coll., A. Bamberger et al., Nu
l. Inst. Meth. A 450, 235 (2000).[12℄ ZEUS Coll., M. Derri
k et al., Z. Phys. C 73, 253 (1997).[13℄ J. Andruszk�ow et al., Te
hni
al Report DESY-92-066, DESY, 1992;ZEUS Coll., M. Derri
k et al., Z. Phys. C 63, 391 (1994);J. Andruszk�ow et al., A
ta Phys. Pol. B 32, 2025 (2001).[14℄ ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 38, 43 (2004).[15℄ V. Barone and E. Predazzi, High-Energy Parti
le Di�ra
tion, Springer Verlag, Hei-delberg (2002).[16℄ HRS Coll., M. Derri
k et al., Z. Phys. C 35, 323 (1987).[17℄ ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 1, 81 (1997).[18℄ ZEUS Coll., S. Chekanov et al., Eur. Phys. J. C 25, 169 (2002).[19℄ H1 Coll., A. Aktas et al., Eur. Phys. J. C48, 749 (2006).22



[20℄ H1 Coll., A. Aktas et al., Eur. Phys. J. C 48, 715 (2006).[21℄ H. Abramowi
z, Int. J. Mod. Phys. A 15 S1, 495 (2000).[22℄ ZEUS Coll., S. Chekanov et al., Nu
l. Phys. B 713, 3 (2005).[23℄ H. Abramowi
z, A. Caldwell and R. Sinkus, Nu
l. Inst. Meth. A 365, 508 (1995).[24℄ S. Bentvelsen, J. Engelen and P. Kooijman, Pro
. Workshop on Physi
s at HERA,W. Bu
hm�uller and G. Ingelman (eds.), Vol. 1, p. 23. DESY, Hamburg, Germany(1992).[25℄ ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 6, 43 (1999).[26℄ G. Briskin, Ph.D. Thesis, Tel Aviv University, DESY-THESIS-1998-036 (1988).[27℄ F. Ja
quet and A. Blondel, Pro
. Study of an ep Fa
ility for Europe, U. Amaldi (ed.),p. 391. DESY, Hamburg, Germany (1979).[28℄ W.H. Smith et al., Nu
l. Instr. Meth. A 355, 278 (1995);W.H. Smith, K. Tokushuku, and L.W. Wiggers, Pro
. of the 10th InternationalConferen
e on Computing in High Energy Physi
s 1992 (CHEP 92), C. Verkerk andW. Woj
ik (eds.). CERN, Geneva, Switzerland (1992).[29℄ J. Lukasik, Ph.D. Thesis, Cra
ow University, DESY-THESIS-2007-038 (2007).[30℄ H. Kowalski, Pro
. of the Ringberg Workshop: New Trends in HERA Physi
s 1999, G.Grindhammer, B.A. Kniehl and G. Kramer (eds.), p. 361. Springer-Verlag (Le
tureNotes in Physi
s, Vol. 546), Hamburg, Germany (2000).[31℄ K. Gole
-Biernat and M. W�ustho�, Phys. Rev. D 59, 014017 (1999);K. Gole
-Biernat and M. W�ustho�, Phys. Rev. D 60, 114023 (1999);K. Gole
-Biernat and M. W�ustho�, Eur. Phys. J. C 20, 313 (2001).[32℄ H. Jung, Comput. Phys. Commun. 86, 147 (1995).[33℄ G. Ingelmann and P.E. S
hlein, Phys. Lett. B 152, 256 (1985).[34℄ A. Donna
hie and P.L. Landsho�, Phys. Lett. B 296, 227 (1992).[35℄ H1 Coll., C. Adlo� et al., Z. Phys. C 76, 613 (1997).[36℄ J.F. Owens, Phys. Rev. D 30, 943 (1984).[37℄ M. Bengtsson and T. Sj�ostrand, Z. Phys. C 37, 465 (1988).[38℄ L. L�onnblad, Comput. Phys. Commun. 71, 15 (1992).[39℄ H-U. Bengtsson and T. Sj�ostrand, Comput. Phys. Commun. 46, 43 (1987).[40℄ T. Sj�ostrand, Comput. Phys. Commun. 82, 74 (1994).[41℄ K. Kwiatkowski, H. Spiesberger and H.-J. M�ohring, Comput. Phys. Commun.69, 155 (1992). 23



[42℄ G.A. S
huler and H. Spiesberger, Pro
. of the Workshop on HERA Physi
s 1991,W. Bu
hm�uller and G. Ingelman (eds.), Vol. 3, p. 1419. DESY, Hamburg, Germany(1992).[43℄ H.L. Lai et al., Phys. Rev. D 55, 1280 (1997).[44℄ T. Sj�ostrand, L. L�onnblad and S. Mrenna, hep-ph/0108264 (2001).[45℄ R. Brun et al., Geant3, Te
hni
al Report CERN-DD/EE/84-1, CERN, 1987.[46℄ UA4 Coll., D. Bernard et al., Phys. Lett. B 186, 227 (1987).[47℄ ZEUS Coll., S. Chekanov et al., PMC Phys. A 1, 6 (2007).[48℄ T. Gehrmann and W.J. Stirling, Z. Phys. C 70, 89 (1996).[49℄ T. Arens et al., Z. Phys. C 74, 651 (1997).[50℄ M. Diehl, Z. Phys. C 76, 499 (1997).[51℄ N.N. Nikolaev, A.V. Pronyaev and B.G. Zakharov, Phys. Rev. D 59, 091501 (1999).[52℄ J.-R. Cudell, K. Kang and S.K. Kim, Phys. Lett. B 395, 311 (1997).[53℄ I.P. Ivanov, N.N. Nikolaev and A.A. Savin, hep-ph/0501034 (2005).[54℄ M. Gl�u
k, E. Reya and A. Vogt, Z. Phys. C 53, 127 (1992).[55℄ M. Gl�u
k, E. Reya and A. Vogt, Z. Phys. C 53, 651 (1992).[56℄ M. Gl�u
k, E. Reya and A. Vogt, Z. Phys. C 67, 433 (1995).

24



xIP jtj (GeV2) d�ep!eXp=dt (nb/GeV�2)�stat:� syst:0:0002 { 0:01 0:144 63.59 � 1.33+1:52�1:400:0002 { 0:01 0:259 25.79 � 1.00+1:10�1:150:0002 { 0:01 0:374 12.85 � 0.66+0:74�0:890:0002 { 0:01 0:489 6.53 � 0.54+0:71�0:710:01 { 0:1 0:144 84.74 � 1.49+1:81�1:800:01 { 0:1 0:259 35.95 � 1.09+1:70�1:720:01 { 0:1 0:374 16.73 � 0.66+1:16�1:250:01 { 0:1 0:489 8.84 � 0.53+0:96�0:99Table 1: The di�erential 
ross-se
tion d�ep!eXp=dt as a fun
tion of jtj, forthe indi
ated xIP ranges and for 2 < Q2 < 120 GeV2 (hQ2i = 11 GeV2) and2 < MX < 40 GeV (hMXi = 15 GeV).
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Q2 (GeV2) MX (GeV) xIP b (GeV�2) �stat:� syst:2 { 5 2 { 5 0:0004 6:99� 0:58+0:50�0:282 { 5 2 { 5 0:0018 5:57� 0:56+0:35�0:202 { 5 2 { 5 0:0060 6:46� 0:82+0:39�0:372 { 5 5 { 10 0:0018 6:84� 0:71+0:30�0:392 { 5 5 { 10 0:0060 6:23� 0:78+0:48�0:482 { 5 5 { 10 0:0200 7:08� 0:87+0:23�0:692 { 5 10 { 40 0:0060 8:55� 0:77+0:47�0:702 { 5 10 { 40 0:0200 7:13� 0:69+0:31�0:362 { 5 10 { 40 0:0400 7:92� 0:78+0:45�0:252 { 5 10 { 40 0:0600 6:77� 0:61+0:07�0:462 { 5 10 { 40 0:0850 6:59� 0:48+0:11�0:175 { 20 2 { 5 0:0004 7:77� 0:58+0:13�0:695 { 20 2 { 5 0:0018 7:42� 0:59+0:38�0:215 { 20 2 { 5 0:0060 8:49� 0:70+0:33�0:555 { 20 2 { 5 0:0200 7:65� 1:28+0:44�0:425 { 20 5 { 10 0:0018 7:35� 0:71+0:23�0:275 { 20 5 { 10 0:0060 6:68� 0:71+0:13�0:375 { 20 5 { 10 0:0200 6:78� 0:74+0:46�0:075 { 20 5 { 10 0:0400 11:28� 1:57+0:41�1:705 { 20 10 { 40 0:0060 7:08� 0:71+0:11�0:295 { 20 10 { 40 0:0200 6:35� 0:46+0:22�0:225 { 20 10 { 40 0:0400 8:36� 0:63+0:13�0:215 { 20 10 { 40 0:0600 7:15� 0:48+0:15�0:115 { 20 10 { 40 0:0850 6:23� 0:36+0:12�0:0220 { 120 2 { 5 0:0018 6:45� 1:11+0:40�0:6120 { 120 2 { 5 0:0060 7:06� 1:22+0:19�0:7920 { 120 5 { 10 0:0018 7:94� 1:33+0:34�0:2620 { 120 5 { 10 0:0060 5:60� 1:14+0:00�0:6320 { 120 5 { 10 0:0200 6:62� 1:23+0:41�0:0620 { 120 10 { 40 0:0060 5:17� 1:08+0:44�0:0720 { 120 10 { 40 0:0200 9:10� 0:82+0:39�0:3520 { 120 10 { 40 0:0400 6:89� 0:90+0:17�0:5420 { 120 10 { 40 0:0600 7:17� 0:69+0:23�0:1220 { 120 10 { 40 0:0850 6:17� 0:51+0:06�0:20Table 2: Fitted values of the exponential t-slopes in bins of Q2, MX and xIP .26



xIP � (rad) d�ep=d� (nb/rad)�stat:� syst:0:0002 { 0:01 0:524 1:03� 0:07+0:06�0:040:0002 { 0:01 1:571 1:13� 0:07+0:03�0:110:0002 { 0:01 2:618 1:09� 0:07+0:03�0:110:0002 { 0:01 3:665 1:07� 0:06+0:06�0:040:0002 { 0:01 4:712 1:06� 0:07+0:04�0:060:0002 { 0:01 5:759 0:99� 0:07+0:07�0:040:01 { 0:1 0:524 1:59� 0:07+0:05�0:080:01 { 0:1 1:571 1:67� 0:07+0:11�0:050:01 { 0:1 2:618 1:47� 0:06+0:05�0:100:01 { 0:1 3:665 1:50� 0:06+0:06�0:060:01 { 0:1 4:712 1:49� 0:06+0:05�0:080:01 { 0:1 5:759 1:65� 0:07+0:03�0:12Table 3: The di�erential 
ross-se
tion d�ep!eXp=d� as a fun
tion of �, forthe indi
ated xIP ranges and for 4 < Q2 < 120 GeV2 (hQ2i = 22 GeV2) and2 < MX < 40 GeV (hMXi = 15 GeV).
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Q2 (GeV2) � jtj (GeV2) xIP ALT �stat:� syst:4� 120 0 { 1 0.09 { 0.55 0.0002 { 0.0018 0.05 � 0.07+0:06�0:024� 120 0 { 1 0.09 { 0.55 0.0018 { 0.0042 0.02 � 0.08+0:02�0:074� 120 0 { 1 0.09 { 0.55 0.0042 { 0.01 -0.06 � 0.08+0:04�0:024� 120 0 { 1 0.09 { 0.55 0.01 { 0.03 0.08 � 0.06+0:04�0:024� 120 0 { 1 0.09 { 0.55 0.03 { 0.05 0.06 � 0.08+0:02�0:024� 120 0 { 1 0.09 { 0.55 0.05 { 0.07 0.17 � 0.07+0:02�0:024� 120 0 { 1 0.09 { 0.55 0.07 { 0.1 0.05 � 0.05+0:02�0:014� 120 0 { 0.2 0.09 { 0.55 0.0002 { 0.01 -0.09 � 0.07+0:04�0:034� 120 0.2 { 0.35 0.09 { 0.55 0.0002 { 0.01 0.09 � 0.09+0:05�0:074� 120 0.35 { 0.65 0.09 { 0.55 0.0002 { 0.01 0.03 � 0.07+0:03�0:014� 120 0.65 { 1.0 0.09 { 0.55 0.0002 { 0.01 0.03 � 0.12+0:04�0:044� 120 0 { 1 0.09 { 0.14 0.0002 { 0.01 0.01 � 0.06+0:03�0:014� 120 0 { 1 0.14 { 0.2 0.0002 { 0.01 0.12 � 0.11+0:06�0:024� 120 0 { 1 0.2 { 0.3 0.0002 { 0.01 -0.05 � 0.10+0:02�0:054� 120 0 { 1 0.3 { 0.55 0.0002 { 0.01 -0.05 � 0.10+0:04�0:024� 10 0 { 1 0.09 { 0.55 0.0002 { 0.01 0.04 � 0.07+0:07�0:0210� 15 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.05 � 0.08+0:03�0:0215� 30 0 { 1 0.09 { 0.55 0.0002 { 0.01 0.10 � 0.08+0:02�0:0430� 120 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.23 � 0.12+0:02�0:05Table 4: The azimuthal asymmetry ALT in bins of Q2, �, jtj and xIP .
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Q2 (GeV2) � jtj (GeV2) xIP ATT �stat:� syst:4 { 120 0 { 1 0.09 { 0.55 0.0002 { 0.0018 0.01 � 0.07+0:07�0:034 { 120 0 { 1 0.09 { 0.55 0.0018 { 0.0042 -0.01 � 0.08+0:05�0:044 { 120 0 { 1 0.09 { 0.55 0.0042 { 0.01 -0.17 � 0.08+0:06�0:024 { 120 0 { 1 0.09 { 0.55 0.01 { 0.03 0.05 � 0.06+0:03�0:024 { 120 0 { 1 0.09 { 0.55 0.03 { 0.05 -0.11 � 0.08+0:03�0:064 { 120 0 { 1 0.09 { 0.55 0.05 { 0.07 0.06 � 0.07+0:03�0:044 { 120 0 { 1 0.09 { 0.55 0.07 { 0.01 0.02 � 0.05+0:02�0:014 { 120 0 { 0.2 0.09 { 0.55 0.0002 { 0.01 -0.14 � 0.07+0:07�0:004 { 120 0.2 { 0.35 0.09 { 0.55 0.0002 { 0.01 0.05 � 0.09+0:03�0:094 { 120 0.35 { 0.65 0.09 { 0.55 0.0002 { 0.01 -0.01 � 0.07+0:04�0:014 { 120 0.65 { 1.0 0.09 { 0.55 0.0002 { 0.01 -0.16 � 0.12+0:08�0:014 { 120 0 { 1 0.09 { 0.14 0.0002 { 0.01 -0.10 � 0.06+0:03�0:024 { 120 0 { 1 0.14 { 0.2 0.0002 { 0.01 0.13 � 0.11+0:05�0:074 { 120 0 { 1 0.2 { 0.3 0.0002 { 0.01 -0.01 � 0.10+0:05�0:054 { 120 0 { 1 0.3 { 0.55 0.0002 { 0.01 -0.11 � 0.10+0:16�0:014 { 10 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.01 � 0.07+0:11�0:0410 { 15 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.12 � 0.08+0:04�0:0215 { 30 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.03 � 0.08+0:04�0:0230 { 120 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.12 � 0.12+0:05�0:04Table 5: The azimuthal asymmetry ATT in bins of Q2, �, jtj and xIP .
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:2:5 3 0:217 0:0003 0:102� 0:012+0:009�0:0032:5 3 0:217 0:0009 0:069� 0:009+0:004�0:0022:5 3 0:217 0:0025 0:036� 0:006+0:007�0:0042:5 3 0:217 0:0065 0:044� 0:009+0:004�0:0042:5 7 0:049 0:0009 0:064� 0:010+0:004�0:0072:5 7 0:049 0:0025 0:052� 0:007+0:002�0:0062:5 7 0:049 0:0065 0:036� 0:005+0:004�0:0012:5 7 0:049 0:0150 0:044� 0:008+0:004�0:0052:5 7 0:049 0:0300 0:039� 0:009+0:006�0:0052:5 15 0:011 0:0065 0:044� 0:008+0:007�0:0022:5 15 0:011 0:0150 0:035� 0:007+0:013�0:0042:5 15 0:011 0:0300 0:063� 0:011+0:005�0:0052:5 15 0:011 0:0500 0:064� 0:014+0:012�0:0102:5 15 0:011 0:0700 0:093� 0:017+0:006�0:0042:5 15 0:011 0:0900 0:081� 0:015+0:016�0:0122:5 30 0:003 0:0300 0:063� 0:010+0:005�0:0062:5 30 0:003 0:0500 0:052� 0:012+0:008�0:0032:5 30 0:003 0:0700 0:058� 0:010+0:001�0:0042:5 30 0:003 0:0900 0:077� 0:012+0:004�0:0183:9 3 0:302 0:0003 0:089� 0:010+0:005�0:0043:9 3 0:302 0:0009 0:064� 0:008+0:008�0:0043:9 3 0:302 0:0025 0:060� 0:008+0:005�0:0023:9 3 0:302 0:0065 0:055� 0:009+0:003�0:0033:9 7 0:074 0:0025 0:051� 0:006+0:004�0:0033:9 7 0:074 0:0065 0:047� 0:006+0:001�0:0053:9 7 0:074 0:0150 0:041� 0:007+0:002�0:0033:9 7 0:074 0:0300 0:054� 0:011+0:010�0:008Table 6: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(4)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP and for 0:09 < jtj <0:19 GeV2 (hjtji = 0:13 GeV2). The 
orresponding � values are also indi
ated. Thetable 
ontinues on the next 2 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:3:9 15 0:017 0:0065 0:058� 0:008+0:004�0:0023:9 15 0:017 0:0150 0:054� 0:008+0:006�0:0083:9 15 0:017 0:0300 0:053� 0:009+0:002�0:0033:9 15 0:017 0:0500 0:041� 0:009+0:004�0:0023:9 15 0:017 0:0700 0:064� 0:010+0:003�0:0033:9 15 0:017 0:0900 0:068� 0:010+0:003�0:0043:9 30 0:004 0:0300 0:065� 0:010+0:009�0:0073:9 30 0:004 0:0500 0:077� 0:015+0:003�0:0123:9 30 0:004 0:0700 0:103� 0:015+0:004�0:0143:9 30 0:004 0:0900 0:092� 0:013+0:013�0:0057:1 3 0:441 0:0003 0:107� 0:012+0:005�0:0057:1 3 0:441 0:0009 0:113� 0:011+0:003�0:0107:1 3 0:441 0:0025 0:086� 0:010+0:006�0:0027:1 3 0:441 0:0065 0:082� 0:010+0:002�0:0087:1 7 0:127 0:0025 0:069� 0:006+0:003�0:0037:1 7 0:127 0:0065 0:054� 0:006+0:004�0:0047:1 7 0:127 0:0150 0:053� 0:007+0:005�0:0037:1 7 0:127 0:0300 0:074� 0:011+0:002�0:0077:1 15 0:031 0:0065 0:067� 0:008+0:005�0:0087:1 15 0:031 0:0150 0:061� 0:007+0:004�0:0057:1 15 0:031 0:0300 0:063� 0:008+0:004�0:0057:1 15 0:031 0:0500 0:105� 0:015+0:007�0:0037:1 15 0:031 0:0700 0:068� 0:008+0:004�0:0037:1 15 0:031 0:0900 0:075� 0:009+0:003�0:0037:1 30 0:008 0:0300 0:089� 0:010+0:006�0:0077:1 30 0:008 0:0500 0:104� 0:014+0:007�0:0077:1 30 0:008 0:0700 0:084� 0:009+0:005�0:0037:1 30 0:008 0:0900 0:133� 0:014+0:008�0:01114 3 0:609 0:0009 0:110� 0:014+0:005�0:00914 3 0:609 0:0025 0:093� 0:014+0:007�0:00414 3 0:609 0:0065 0:102� 0:016+0:007�0:003
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:14 7 0:222 0:0025 0:071� 0:008+0:002�0:00614 7 0:222 0:0065 0:067� 0:008+0:003�0:00414 7 0:222 0:0150 0:074� 0:010+0:005�0:00314 7 0:222 0:0300 0:059� 0:010+0:002�0:00614 15 0:059 0:0065 0:070� 0:009+0:002�0:00414 15 0:059 0:0150 0:083� 0:011+0:005�0:00614 15 0:059 0:0300 0:065� 0:009+0:006�0:00114 15 0:059 0:0500 0:110� 0:017+0:007�0:00614 15 0:059 0:0700 0:088� 0:011+0:002�0:00414 15 0:059 0:0900 0:090� 0:011+0:003�0:00314 30 0:015 0:0300 0:097� 0:013+0:004�0:00414 30 0:015 0:0500 0:107� 0:017+0:006�0:00514 30 0:015 0:0700 0:109� 0:013+0:003�0:00314 30 0:015 0:0900 0:113� 0:012+0:005�0:00540 3 0:816 0:0009 0:094� 0:024+0:008�0:00840 3 0:816 0:0025 0:061� 0:013+0:008�0:00640 3 0:816 0:0065 0:054� 0:013+0:003�0:00540 3 0:816 0:0150 0:049� 0:016+0:002�0:00340 7 0:449 0:0025 0:104� 0:013+0:005�0:00940 7 0:449 0:0065 0:073� 0:010+0:003�0:00540 7 0:449 0:0150 0:075� 0:012+0:004�0:00240 7 0:449 0:0300 0:079� 0:014+0:008�0:00240 7 0:449 0:0500 0:081� 0:023+0:012�0:00240 15 0:151 0:0065 0:058� 0:009+0:005�0:00540 15 0:151 0:0150 0:090� 0:013+0:004�0:00440 15 0:151 0:0300 0:073� 0:011+0:003�0:00440 15 0:151 0:0500 0:093� 0:016+0:002�0:00740 15 0:151 0:0700 0:098� 0:013+0:004�0:00640 15 0:151 0:0900 0:115� 0:013+0:005�0:00540 30 0:043 0:0300 0:090� 0:012+0:007�0:00240 30 0:043 0:0500 0:127� 0:018+0:004�0:00840 30 0:043 0:0700 0:113� 0:013+0:003�0:00740 30 0:043 0:0900 0:124� 0:012+0:006�0:00532



Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:2:5 3 0:217 0:0003 0:028� 0:004+0:001�0:0042:5 3 0:217 0:0009 0:013� 0:002+0:003�0:0032:5 3 0:217 0:0025 0:013� 0:002+0:000�0:0022:5 3 0:217 0:0065 0:012� 0:003+0:001�0:0022:5 7 0:049 0:0009 0:025� 0:005+0:001�0:0032:5 7 0:049 0:0025 0:012� 0:002+0:001�0:0012:5 7 0:049 0:0065 0:009� 0:002+0:001�0:0022:5 7 0:049 0:0150 0:010� 0:002+0:002�0:0012:5 7 0:049 0:0300 0:012� 0:003+0:001�0:0022:5 15 0:011 0:0065 0:011� 0:002+0:001�0:0022:5 15 0:011 0:0150 0:011� 0:002+0:002�0:0022:5 15 0:011 0:0300 0:012� 0:003+0:001�0:0012:5 15 0:011 0:0500 0:014� 0:003+0:004�0:0012:5 15 0:011 0:0700 0:012� 0:002+0:002�0:0012:5 15 0:011 0:0900 0:023� 0:005+0:004�0:0032:5 30 0:003 0:0300 0:015� 0:003+0:002�0:0022:5 30 0:003 0:0500 0:016� 0:003+0:001�0:0032:5 30 0:003 0:0700 0:024� 0:004+0:002�0:0032:5 30 0:003 0:0900 0:015� 0:003+0:003�0:0033:9 3 0:302 0:0003 0:023� 0:003+0:002�0:0023:9 3 0:302 0:0009 0:021� 0:003+0:002�0:0023:9 3 0:302 0:0025 0:016� 0:003+0:002�0:0013:9 3 0:302 0:0065 0:010� 0:002+0:001�0:0023:9 7 0:074 0:0025 0:012� 0:002+0:002�0:0013:9 7 0:074 0:0065 0:016� 0:002+0:001�0:0023:9 7 0:074 0:0150 0:009� 0:002+0:002�0:0013:9 7 0:074 0:0300 0:013� 0:003+0:002�0:001Table 7: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(4)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP and for 0:19 < jtj <0:55 GeV2 (hjtji = 0:3 GeV2). The 
orresponding � values are also indi
ated. Thetable 
ontinues on the next 2 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:3:9 15 0:017 0:0065 0:012� 0:002+0:001�0:0013:9 15 0:017 0:0150 0:009� 0:002+0:001�0:0013:9 15 0:017 0:0300 0:011� 0:002+0:001�0:0023:9 15 0:017 0:0500 0:014� 0:003+0:002�0:0013:9 15 0:017 0:0700 0:017� 0:002+0:002�0:0023:9 15 0:017 0:0900 0:023� 0:004+0:002�0:0023:9 30 0:004 0:0300 0:015� 0:003+0:001�0:0023:9 30 0:004 0:0500 0:018� 0:003+0:003�0:0013:9 30 0:004 0:0700 0:021� 0:003+0:003�0:0023:9 30 0:004 0:0900 0:028� 0:004+0:002�0:0027:1 3 0:441 0:0003 0:034� 0:005+0:003�0:0037:1 3 0:441 0:0009 0:022� 0:003+0:002�0:0017:1 3 0:441 0:0025 0:019� 0:003+0:002�0:0027:1 3 0:441 0:0065 0:015� 0:003+0:002�0:0027:1 7 0:127 0:0025 0:014� 0:002+0:001�0:0017:1 7 0:127 0:0065 0:011� 0:002+0:001�0:0017:1 7 0:127 0:0150 0:013� 0:002+0:001�0:0027:1 7 0:127 0:0300 0:011� 0:002+0:002�0:0017:1 15 0:031 0:0065 0:019� 0:003+0:001�0:0017:1 15 0:031 0:0150 0:016� 0:002+0:003�0:0027:1 15 0:031 0:0300 0:018� 0:003+0:001�0:0027:1 15 0:031 0:0500 0:018� 0:003+0:003�0:0017:1 15 0:031 0:0700 0:024� 0:003+0:002�0:0027:1 15 0:031 0:0900 0:028� 0:004+0:002�0:0037:1 30 0:008 0:0300 0:018� 0:003+0:001�0:0017:1 30 0:008 0:0500 0:021� 0:003+0:001�0:0027:1 30 0:008 0:0700 0:025� 0:003+0:002�0:0027:1 30 0:008 0:0900 0:031� 0:004+0:002�0:00214 3 0:609 0:0009 0:018� 0:004+0:002�0:00314 3 0:609 0:0025 0:018� 0:004+0:002�0:00114 3 0:609 0:0065 0:021� 0:004+0:002�0:001
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:14 7 0:222 0:0025 0:020� 0:003+0:001�0:00214 7 0:222 0:0065 0:015� 0:002+0:001�0:00114 7 0:222 0:0150 0:016� 0:003+0:001�0:00114 7 0:222 0:0300 0:018� 0:003+0:001�0:00114 15 0:059 0:0065 0:015� 0:003+0:001�0:00214 15 0:059 0:0150 0:021� 0:003+0:001�0:00114 15 0:059 0:0300 0:022� 0:004+0:002�0:00314 15 0:059 0:0500 0:021� 0:004+0:002�0:00114 15 0:059 0:0700 0:024� 0:003+0:002�0:00214 15 0:059 0:0900 0:019� 0:003+0:002�0:00214 30 0:015 0:0300 0:020� 0:003+0:001�0:00214 30 0:015 0:0500 0:018� 0:003+0:001�0:00114 30 0:015 0:0700 0:025� 0:003+0:002�0:00214 30 0:015 0:0900 0:034� 0:004+0:002�0:00440 3 0:816 0:0009 0:018� 0:006+0:001�0:00340 3 0:816 0:0025 0:023� 0:006+0:002�0:00240 3 0:816 0:0065 0:019� 0:005+0:002�0:00240 3 0:816 0:0150 0:012� 0:006+0:003�0:00340 7 0:449 0:0025 0:023� 0:004+0:001�0:00140 7 0:449 0:0065 0:022� 0:003+0:002�0:00140 7 0:449 0:0150 0:017� 0:003+0:001�0:00140 7 0:449 0:0300 0:014� 0:003+0:001�0:00140 7 0:449 0:0500 0:019� 0:006+0:002�0:00440 15 0:151 0:0065 0:022� 0:004+0:001�0:00240 15 0:151 0:0150 0:016� 0:003+0:001�0:00240 15 0:151 0:0300 0:013� 0:003+0:002�0:00140 15 0:151 0:0500 0:025� 0:004+0:002�0:00240 15 0:151 0:0700 0:022� 0:003+0:002�0:00240 15 0:151 0:0900 0:027� 0:004+0:003�0:00240 30 0:043 0:0300 0:022� 0:004+0:001�0:00340 30 0:043 0:0500 0:028� 0:004+0:002�0:00140 30 0:043 0:0700 0:029� 0:003+0:002�0:00240 30 0:043 0:0900 0:043� 0:005+0:003�0:00435



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:2:5 3 0:217 0:0003 0:039� 0:004+0:003�0:0032:5 3 0:217 0:0009 0:023� 0:002+0:001�0:0022:5 3 0:217 0:0025 0:014� 0:002+0:002�0:0012:5 3 0:217 0:0065 0:018� 0:003+0:002�0:0052:5 6 0:065 0:0009 0:025� 0:003+0:003�0:0022:5 6 0:065 0:0025 0:016� 0:002+0:003�0:0012:5 6 0:065 0:0065 0:014� 0:002+0:001�0:0022:5 6 0:065 0:0150 0:016� 0:003+0:002�0:0022:5 11 0:020 0:0025 0:023� 0:004+0:002�0:0022:5 11 0:020 0:0065 0:015� 0:002+0:002�0:0022:5 11 0:020 0:0150 0:013� 0:002+0:002�0:0022:5 11 0:020 0:0300 0:016� 0:002+0:001�0:0022:5 11 0:020 0:0500 0:024� 0:005+0:004�0:0012:5 11 0:020 0:0700 0:023� 0:004+0:003�0:0022:5 19 0:007 0:0065 0:021� 0:004+0:003�0:0042:5 19 0:007 0:0150 0:019� 0:003+0:001�0:0032:5 19 0:007 0:0300 0:020� 0:003+0:002�0:0032:5 19 0:007 0:0500 0:019� 0:003+0:001�0:0022:5 19 0:007 0:0700 0:027� 0:004+0:002�0:0052:5 19 0:007 0:0900 0:028� 0:004+0:002�0:0032:5 32 0:002 0:0300 0:020� 0:003+0:003�0:0012:5 32 0:002 0:0500 0:020� 0:004+0:001�0:0022:5 32 0:002 0:0700 0:029� 0:004+0:004�0:0012:5 32 0:002 0:0900 0:023� 0:003+0:003�0:0023:9 3 0:302 0:0003 0:035� 0:003+0:002�0:0033:9 3 0:302 0:0009 0:026� 0:002+0:002�0:0013:9 3 0:302 0:0025 0:024� 0:003+0:002�0:0033:9 3 0:302 0:0065 0:017� 0:002+0:002�0:002Table 8: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP . The 
orresponding �values are also indi
ated. The table 
ontinues on the next 3 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:3:9 6 0:098 0:0009 0:024� 0:002+0:003�0:0013:9 6 0:098 0:0025 0:019� 0:002+0:001�0:0013:9 6 0:098 0:0065 0:017� 0:002+0:001�0:0013:9 6 0:098 0:0150 0:015� 0:002+0:002�0:0013:9 11 0:031 0:0025 0:018� 0:003+0:001�0:0013:9 11 0:031 0:0065 0:017� 0:002+0:001�0:0013:9 11 0:031 0:0150 0:017� 0:002+0:001�0:0023:9 11 0:031 0:0300 0:020� 0:003+0:001�0:0013:9 11 0:031 0:0500 0:017� 0:003+0:001�0:0033:9 11 0:031 0:0700 0:023� 0:003+0:002�0:0023:9 19 0:011 0:0065 0:031� 0:005+0:002�0:0053:9 19 0:011 0:0150 0:016� 0:002+0:002�0:0013:9 19 0:011 0:0300 0:019� 0:003+0:001�0:0033:9 19 0:011 0:0500 0:024� 0:004+0:004�0:0013:9 19 0:011 0:0700 0:028� 0:003+0:001�0:0023:9 19 0:011 0:0900 0:032� 0:004+0:001�0:0023:9 32 0:004 0:0300 0:027� 0:004+0:001�0:0043:9 32 0:004 0:0500 0:026� 0:004+0:003�0:0033:9 32 0:004 0:0700 0:030� 0:004+0:003�0:0033:9 32 0:004 0:0900 0:040� 0:005+0:002�0:0037:1 3 0:441 0:0003 0:045� 0:004+0:003�0:0037:1 3 0:441 0:0009 0:039� 0:003+0:002�0:0037:1 3 0:441 0:0025 0:032� 0:003+0:002�0:0027:1 3 0:441 0:0065 0:028� 0:003+0:001�0:0027:1 6 0:165 0:0009 0:034� 0:003+0:002�0:0027:1 6 0:165 0:0025 0:024� 0:002+0:002�0:0017:1 6 0:165 0:0065 0:019� 0:002+0:001�0:0017:1 6 0:165 0:0150 0:019� 0:002+0:002�0:001
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:7:1 11 0:055 0:0025 0:024� 0:003+0:003�0:0027:1 11 0:055 0:0065 0:022� 0:002+0:002�0:0017:1 11 0:055 0:0150 0:018� 0:002+0:001�0:0027:1 11 0:055 0:0300 0:022� 0:002+0:002�0:0027:1 11 0:055 0:0500 0:026� 0:003+0:002�0:0027:1 11 0:055 0:0700 0:026� 0:003+0:002�0:0017:1 19 0:019 0:0065 0:034� 0:005+0:002�0:0067:1 19 0:019 0:0150 0:024� 0:003+0:003�0:0027:1 19 0:019 0:0300 0:024� 0:003+0:002�0:0017:1 19 0:019 0:0500 0:030� 0:004+0:003�0:0027:1 19 0:019 0:0700 0:028� 0:003+0:002�0:0027:1 19 0:019 0:0900 0:038� 0:004+0:004�0:0027:1 32 0:007 0:0300 0:029� 0:003+0:003�0:0027:1 32 0:007 0:0500 0:033� 0:004+0:004�0:0027:1 32 0:007 0:0700 0:032� 0:003+0:002�0:0027:1 32 0:007 0:0900 0:046� 0:004+0:004�0:00314 3 0:609 0:0009 0:036� 0:004+0:002�0:00214 3 0:609 0:0025 0:030� 0:004+0:002�0:00114 3 0:609 0:0065 0:035� 0:004+0:002�0:00114 6 0:280 0:0009 0:039� 0:005+0:002�0:00214 6 0:280 0:0025 0:031� 0:003+0:002�0:00114 6 0:280 0:0065 0:025� 0:003+0:002�0:00314 6 0:280 0:0150 0:026� 0:003+0:003�0:00114 6 0:280 0:0300 0:022� 0:004+0:004�0:00214 11 0:104 0:0025 0:025� 0:004+0:001�0:00214 11 0:104 0:0065 0:024� 0:003+0:001�0:00114 11 0:104 0:0150 0:028� 0:003+0:003�0:00214 11 0:104 0:0300 0:026� 0:003+0:002�0:00314 11 0:104 0:0500 0:031� 0:004+0:002�0:00214 11 0:104 0:0700 0:032� 0:004+0:002�0:003
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:14 19 0:037 0:0150 0:027� 0:004+0:001�0:00214 19 0:037 0:0300 0:028� 0:003+0:002�0:00214 19 0:037 0:0500 0:035� 0:005+0:003�0:00614 19 0:037 0:0700 0:036� 0:004+0:002�0:00214 19 0:037 0:0900 0:033� 0:003+0:002�0:00314 32 0:013 0:0300 0:036� 0:005+0:002�0:00614 32 0:013 0:0500 0:035� 0:005+0:002�0:00314 32 0:013 0:0700 0:038� 0:004+0:003�0:00314 32 0:013 0:0900 0:048� 0:005+0:003�0:00240 3 0:816 0:0009 0:030� 0:006+0:003�0:00140 3 0:816 0:0025 0:028� 0:005+0:004�0:00240 3 0:816 0:0065 0:024� 0:004+0:001�0:00240 3 0:816 0:0150 0:020� 0:005+0:001�0:00240 6 0:526 0:0025 0:034� 0:004+0:002�0:00340 6 0:526 0:0065 0:033� 0:004+0:002�0:00340 6 0:526 0:0150 0:029� 0:004+0:002�0:00240 6 0:526 0:0300 0:029� 0:005+0:004�0:00240 11 0:248 0:0065 0:021� 0:003+0:003�0:00140 11 0:248 0:0150 0:028� 0:004+0:002�0:00340 11 0:248 0:0300 0:023� 0:003+0:002�0:00140 11 0:248 0:0500 0:025� 0:004+0:002�0:00340 11 0:248 0:0700 0:033� 0:004+0:002�0:00340 11 0:248 0:0900 0:033� 0:004+0:003�0:00140 19 0:100 0:0150 0:030� 0:004+0:003�0:00440 19 0:100 0:0300 0:024� 0:003+0:001�0:00240 19 0:100 0:0500 0:039� 0:005+0:003�0:00440 19 0:100 0:0700 0:036� 0:003+0:002�0:00240 19 0:100 0:0900 0:043� 0:004+0:002�0:00340 32 0:038 0:0300 0:033� 0:004+0:003�0:00240 32 0:038 0:0500 0:044� 0:005+0:003�0:00540 32 0:038 0:0700 0:042� 0:004+0:003�0:00240 32 0:038 0:0900 0:056� 0:005+0:003�0:00239



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:2:5 3 0:217 0:0003 0:0448� 0:0005+0:0053�0:00492:5 3 0:217 0:0005 0:0308� 0:0003+0:0030�0:00272:5 3 0:217 0:0010 0:0243� 0:0003+0:0018�0:00172:5 3 0:217 0:0020 0:0195� 0:0003+0:0012�0:00102:5 3 0:217 0:0038 0:0182� 0:0003+0:0007�0:00062:5 5 0:091 0:0005 0:0320� 0:0006+0:0032�0:00302:5 5 0:091 0:0010 0:0219� 0:0004+0:0017�0:00152:5 5 0:091 0:0020 0:0175� 0:0003+0:0009�0:00092:5 5 0:091 0:0038 0:0158� 0:0003+0:0007�0:00062:5 5 0:091 0:0073 0:0144� 0:0003+0:0007�0:00052:5 5 0:091 0:0140 0:0159� 0:0005+0:0016�0:00092:5 8 0:038 0:0020 0:0186� 0:0003+0:0010�0:00102:5 8 0:038 0:0038 0:0161� 0:0003+0:0006�0:00052:5 8 0:038 0:0073 0:0146� 0:0003+0:0005�0:00052:5 13 0:015 0:0038 0:0226� 0:0004+0:0008�0:00072:5 20 0:006 0:0140 0:0251� 0:0031+0:0019�0:00333:5 3 0:280 0:0003 0:0429� 0:0006+0:0052�0:00453:5 3 0:280 0:0005 0:0336� 0:0004+0:0033�0:00303:5 3 0:280 0:0010 0:0273� 0:0004+0:0020�0:00193:5 3 0:280 0:0020 0:0230� 0:0003+0:0012�0:00123:5 3 0:280 0:0038 0:0207� 0:0003+0:0008�0:00073:5 3 0:280 0:0073 0:0199� 0:0005+0:0006�0:00053:5 5 0:123 0:0005 0:0303� 0:0006+0:0032�0:00293:5 5 0:123 0:0010 0:0232� 0:0004+0:0020�0:00163:5 5 0:123 0:0020 0:0195� 0:0004+0:0011�0:00103:5 5 0:123 0:0038 0:0176� 0:0004+0:0006�0:00083:5 5 0:123 0:0073 0:0171� 0:0004+0:0004�0:0005Table 9: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , obtainedwith the LRG method for di�erent values of Q2, MX and xIP . The 
orresponding� values are also indi
ated. The table 
ontinues on the next 8 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:3:5 8 0:052 0:0020 0:0187� 0:0003+0:0011�0:00103:5 8 0:052 0:0038 0:0165� 0:0003+0:0006�0:00053:5 8 0:052 0:0073 0:0160� 0:0003+0:0004�0:00053:5 13 0:020 0:0038 0:0205� 0:0004+0:0009�0:00074:5 3 0:333 0:0003 0:0392� 0:0006+0:0045�0:00414:5 3 0:333 0:0005 0:0340� 0:0005+0:0035�0:00294:5 3 0:333 0:0010 0:0289� 0:0005+0:0022�0:00204:5 3 0:333 0:0020 0:0250� 0:0005+0:0014�0:00134:5 3 0:333 0:0038 0:0228� 0:0004+0:0009�0:00084:5 3 0:333 0:0073 0:0217� 0:0006+0:0006�0:00064:5 5 0:153 0:0005 0:0295� 0:0007+0:0029�0:00274:5 5 0:153 0:0010 0:0232� 0:0005+0:0020�0:00174:5 5 0:153 0:0020 0:0192� 0:0005+0:0011�0:00114:5 5 0:153 0:0038 0:0183� 0:0005+0:0008�0:00074:5 5 0:153 0:0073 0:0178� 0:0005+0:0006�0:00064:5 5 0:153 0:0140 0:0203� 0:0008+0:0011�0:00094:5 8 0:066 0:0020 0:0191� 0:0004+0:0012�0:00104:5 8 0:066 0:0038 0:0171� 0:0004+0:0009�0:00074:5 8 0:066 0:0073 0:0153� 0:0004+0:0005�0:00044:5 13 0:026 0:0038 0:0197� 0:0004+0:0006�0:00084:5 13 0:026 0:0073 0:0182� 0:0004+0:0007�0:00055:5 3 0:379 0:0003 0:0405� 0:0008+0:0045�0:00425:5 3 0:379 0:0005 0:0361� 0:0006+0:0035�0:00315:5 3 0:379 0:0010 0:0311� 0:0006+0:0024�0:00215:5 3 0:379 0:0020 0:0257� 0:0005+0:0014�0:00135:5 3 0:379 0:0038 0:0232� 0:0005+0:0013�0:00095:5 3 0:379 0:0073 0:0221� 0:0006+0:0009�0:00055:5 5 0:180 0:0005 0:0306� 0:0008+0:0030�0:00275:5 5 0:180 0:0010 0:0245� 0:0005+0:0019�0:00185:5 5 0:180 0:0020 0:0192� 0:0005+0:0012�0:00095:5 5 0:180 0:0038 0:0189� 0:0005+0:0008�0:00075:5 5 0:180 0:0073 0:0169� 0:0005+0:0009�0:00045:5 5 0:180 0:0140 0:0188� 0:0008+0:0010�0:000841



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:5:5 8 0:079 0:0020 0:0183� 0:0004+0:0010�0:00095:5 8 0:079 0:0038 0:0172� 0:0004+0:0007�0:00065:5 8 0:079 0:0073 0:0155� 0:0004+0:0006�0:00035:5 8 0:079 0:0140 0:0182� 0:0006+0:0010�0:00085:5 13 0:032 0:0038 0:0209� 0:0005+0:0006�0:00065:5 13 0:032 0:0073 0:0199� 0:0005+0:0005�0:00055:5 20 0:014 0:0073 0:0227� 0:0007+0:0008�0:00036:5 3 0:419 0:0003 0:0417� 0:0010+0:0047�0:00436:5 3 0:419 0:0005 0:0396� 0:0007+0:0037�0:00346:5 3 0:419 0:0010 0:0319� 0:0006+0:0024�0:00226:5 3 0:419 0:0020 0:0286� 0:0006+0:0019�0:00146:5 3 0:419 0:0038 0:0255� 0:0006+0:0012�0:00086:5 3 0:419 0:0073 0:0237� 0:0006+0:0008�0:00076:5 5 0:206 0:0010 0:0265� 0:0006+0:0020�0:00206:5 5 0:206 0:0020 0:0232� 0:0006+0:0012�0:00126:5 5 0:206 0:0038 0:0194� 0:0006+0:0008�0:00086:5 5 0:206 0:0073 0:0180� 0:0006+0:0006�0:00056:5 8 0:092 0:0020 0:0195� 0:0005+0:0010�0:00106:5 8 0:092 0:0038 0:0182� 0:0005+0:0007�0:00066:5 8 0:092 0:0073 0:0176� 0:0005+0:0007�0:00056:5 13 0:037 0:0038 0:0207� 0:0006+0:0007�0:00086:5 13 0:037 0:0073 0:0181� 0:0005+0:0007�0:00056:5 20 0:016 0:0073 0:0246� 0:0009+0:0008�0:00058:5 3 0:486 0:0005 0:0409� 0:0005+0:0038�0:00358:5 3 0:486 0:0010 0:0360� 0:0005+0:0027�0:00258:5 3 0:486 0:0020 0:0305� 0:0005+0:0017�0:00168:5 3 0:486 0:0038 0:0271� 0:0004+0:0010�0:00098:5 3 0:486 0:0073 0:0261� 0:0005+0:0007�0:00088:5 5 0:254 0:0010 0:0319� 0:0005+0:0023�0:00228:5 5 0:254 0:0020 0:0245� 0:0004+0:0013�0:00138:5 5 0:254 0:0038 0:0225� 0:0004+0:0008�0:00098:5 5 0:254 0:0073 0:0205� 0:0004+0:0006�0:000442



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:8:5 8 0:117 0:0020 0:0224� 0:0004+0:0011�0:00118:5 8 0:117 0:0038 0:0195� 0:0003+0:0007�0:00068:5 8 0:117 0:0073 0:0186� 0:0003+0:0007�0:00058:5 13 0:048 0:0038 0:0236� 0:0004+0:0008�0:00078:5 13 0:048 0:0073 0:0221� 0:0004+0:0006�0:00078:5 20 0:021 0:0073 0:0273� 0:0006+0:0009�0:000512 3 0:571 0:0005 0:0451� 0:0007+0:0042�0:004012 3 0:571 0:0010 0:0396� 0:0006+0:0029�0:002812 3 0:571 0:0020 0:0339� 0:0006+0:0019�0:001812 3 0:571 0:0038 0:0310� 0:0006+0:0011�0:001312 3 0:571 0:0073 0:0288� 0:0006+0:0011�0:000612 5 0:324 0:0010 0:0348� 0:0006+0:0025�0:002412 5 0:324 0:0020 0:0304� 0:0006+0:0017�0:001612 5 0:324 0:0038 0:0249� 0:0005+0:0009�0:000812 5 0:324 0:0073 0:0228� 0:0005+0:0008�0:000612 8 0:158 0:0020 0:0253� 0:0005+0:0013�0:001512 8 0:158 0:0038 0:0216� 0:0004+0:0008�0:000712 8 0:158 0:0073 0:0204� 0:0004+0:0005�0:000512 8 0:158 0:0140 0:0219� 0:0005+0:0013�0:000612 13 0:066 0:0038 0:0255� 0:0006+0:0007�0:000812 13 0:066 0:0073 0:0230� 0:0004+0:0005�0:000412 13 0:066 0:0140 0:0260� 0:0006+0:0021�0:000912 20 0:029 0:0073 0:0285� 0:0008+0:0011�0:000512 20 0:029 0:0140 0:0285� 0:0006+0:0031�0:001816 3 0:640 0:0005 0:0454� 0:0012+0:0042�0:004116 3 0:640 0:0010 0:0412� 0:0009+0:0031�0:002816 3 0:640 0:0020 0:0363� 0:0008+0:0021�0:002016 3 0:640 0:0038 0:0306� 0:0007+0:0011�0:001116 3 0:640 0:0073 0:0306� 0:0008+0:0010�0:000716 3 0:640 0:0140 0:0307� 0:0011+0:0018�0:0017
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:16 5 0:390 0:0010 0:0398� 0:0010+0:0030�0:002916 5 0:390 0:0020 0:0315� 0:0008+0:0017�0:001516 5 0:390 0:0038 0:0284� 0:0007+0:0010�0:001016 5 0:390 0:0073 0:0267� 0:0007+0:0008�0:000416 5 0:390 0:0140 0:0275� 0:0008+0:0017�0:001716 8 0:200 0:0020 0:0282� 0:0007+0:0015�0:001416 8 0:200 0:0038 0:0240� 0:0005+0:0008�0:000816 8 0:200 0:0073 0:0226� 0:0005+0:0006�0:000616 8 0:200 0:0140 0:0244� 0:0006+0:0010�0:000716 13 0:086 0:0038 0:0287� 0:0008+0:0010�0:000816 13 0:086 0:0073 0:0245� 0:0006+0:0005�0:000616 13 0:086 0:0140 0:0267� 0:0007+0:0018�0:001416 20 0:038 0:0073 0:0315� 0:0012+0:0007�0:001116 20 0:038 0:0140 0:0305� 0:0008+0:0033�0:002022 3 0:710 0:0005 0:0416� 0:0019+0:0044�0:003322 3 0:710 0:0010 0:0398� 0:0011+0:0030�0:003322 3 0:710 0:0020 0:0350� 0:0010+0:0022�0:002122 3 0:710 0:0038 0:0312� 0:0009+0:0013�0:001522 3 0:710 0:0073 0:0293� 0:0009+0:0013�0:001122 3 0:710 0:0140 0:0286� 0:0010+0:0017�0:001422 5 0:468 0:0010 0:0442� 0:0014+0:0030�0:003022 5 0:468 0:0020 0:0369� 0:0011+0:0020�0:001822 5 0:468 0:0038 0:0319� 0:0009+0:0012�0:001322 5 0:468 0:0073 0:0302� 0:0009+0:0012�0:000922 5 0:468 0:0140 0:0283� 0:0009+0:0027�0:001122 8 0:256 0:0020 0:0293� 0:0008+0:0015�0:001522 8 0:256 0:0038 0:0260� 0:0007+0:0011�0:000822 8 0:256 0:0073 0:0238� 0:0006+0:0008�0:000822 8 0:256 0:0140 0:0249� 0:0007+0:0024�0:000822 13 0:115 0:0038 0:0286� 0:0009+0:0013�0:001422 13 0:115 0:0073 0:0263� 0:0007+0:0007�0:000522 13 0:115 0:0140 0:0270� 0:0008+0:0016�0:000944



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:22 20 0:052 0:0140 0:0310� 0:0010+0:0026�0:001330 3 0:769 0:0010 0:0352� 0:0013+0:0030�0:002730 3 0:769 0:0020 0:0303� 0:0012+0:0017�0:002230 3 0:769 0:0038 0:0276� 0:0011+0:0013�0:001530 3 0:769 0:0073 0:0286� 0:0012+0:0007�0:001430 3 0:769 0:0140 0:0279� 0:0013+0:0012�0:001630 5 0:545 0:0010 0:0430� 0:0019+0:0041�0:002730 5 0:545 0:0020 0:0361� 0:0013+0:0018�0:002330 5 0:545 0:0038 0:0330� 0:0013+0:0018�0:001230 5 0:545 0:0073 0:0308� 0:0012+0:0008�0:001030 5 0:545 0:0140 0:0302� 0:0013+0:0028�0:001030 8 0:319 0:0020 0:0317� 0:0011+0:0016�0:001530 8 0:319 0:0038 0:0271� 0:0008+0:0009�0:000930 8 0:319 0:0073 0:0236� 0:0008+0:0005�0:000430 8 0:319 0:0140 0:0270� 0:0010+0:0007�0:001030 13 0:151 0:0038 0:0283� 0:0011+0:0009�0:000930 13 0:151 0:0073 0:0258� 0:0008+0:0007�0:000930 13 0:151 0:0140 0:0280� 0:0010+0:0018�0:001130 20 0:070 0:0140 0:0294� 0:0010+0:0033�0:001140 3 0:816 0:0010 0:0349� 0:0021+0:0028�0:002540 3 0:816 0:0020 0:0293� 0:0016+0:0018�0:001840 3 0:816 0:0038 0:0258� 0:0015+0:0012�0:001640 3 0:816 0:0073 0:0227� 0:0014+0:0011�0:001340 3 0:816 0:0140 0:0206� 0:0014+0:0013�0:001340 5 0:615 0:0020 0:0357� 0:0017+0:0026�0:001940 5 0:615 0:0038 0:0309� 0:0016+0:0011�0:001640 5 0:615 0:0073 0:0282� 0:0015+0:0005�0:001240 5 0:615 0:0140 0:0273� 0:0015+0:0024�0:001340 8 0:385 0:0020 0:0386� 0:0016+0:0021�0:002740 8 0:385 0:0038 0:0298� 0:0011+0:0009�0:001040 8 0:385 0:0073 0:0252� 0:0010+0:0008�0:000740 8 0:385 0:0140 0:0281� 0:0012+0:0017�0:001745



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:40 13 0:191 0:0038 0:0317� 0:0015+0:0010�0:000940 13 0:191 0:0073 0:0273� 0:0010+0:0007�0:000740 13 0:191 0:0140 0:0271� 0:0012+0:0020�0:001040 20 0:091 0:0140 0:0345� 0:0014+0:0024�0:001950 3 0:847 0:0020 0:0304� 0:0021+0:0022�0:002550 3 0:847 0:0038 0:0236� 0:0017+0:0015�0:001450 3 0:847 0:0073 0:0209� 0:0017+0:0004�0:001150 3 0:847 0:0140 0:0221� 0:0018+0:0015�0:001150 5 0:667 0:0020 0:0360� 0:0021+0:0024�0:001750 5 0:667 0:0038 0:0365� 0:0021+0:0013�0:002150 5 0:667 0:0073 0:0256� 0:0017+0:0015�0:001250 5 0:667 0:0140 0:0300� 0:0020+0:0007�0:002250 8 0:439 0:0020 0:0396� 0:0023+0:0018�0:002450 8 0:439 0:0038 0:0334� 0:0014+0:0019�0:001350 8 0:439 0:0073 0:0290� 0:0013+0:0011�0:000750 8 0:439 0:0140 0:0277� 0:0014+0:0023�0:001250 13 0:228 0:0038 0:0352� 0:0020+0:0010�0:001650 13 0:228 0:0073 0:0312� 0:0013+0:0011�0:001150 13 0:228 0:0140 0:0284� 0:0013+0:0011�0:001250 20 0:111 0:0140 0:0344� 0:0015+0:0041�0:002265 3 0:878 0:0020 0:0282� 0:0025+0:0016�0:002665 3 0:878 0:0038 0:0221� 0:0020+0:0015�0:001265 3 0:878 0:0073 0:0182� 0:0018+0:0007�0:001465 3 0:878 0:0140 0:0148� 0:0017+0:0013�0:001165 5 0:722 0:0020 0:0342� 0:0028+0:0027�0:002365 5 0:722 0:0038 0:0307� 0:0023+0:0014�0:001265 5 0:722 0:0073 0:0295� 0:0022+0:0011�0:001265 5 0:722 0:0140 0:0258� 0:0021+0:0009�0:000565 8 0:504 0:0038 0:0324� 0:0017+0:0011�0:001065 8 0:504 0:0073 0:0290� 0:0015+0:0015�0:001065 8 0:504 0:0140 0:0274� 0:0015+0:0013�0:0005
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:65 13 0:278 0:0073 0:0304� 0:0014+0:0014�0:001365 13 0:278 0:0140 0:0297� 0:0015+0:0014�0:001565 20 0:140 0:0140 0:0339� 0:0017+0:0020�0:002085 3 0:904 0:0020 0:0188� 0:0029+0:0028�0:001385 3 0:904 0:0038 0:0158� 0:0021+0:0026�0:001285 3 0:904 0:0073 0:0165� 0:0022+0:0015�0:001085 3 0:904 0:0140 0:0132� 0:0020+0:0009�0:000585 5 0:773 0:0020 0:0329� 0:0046+0:0027�0:001485 5 0:773 0:0038 0:0243� 0:0024+0:0009�0:002085 5 0:773 0:0073 0:0225� 0:0024+0:0016�0:000585 5 0:773 0:0140 0:0224� 0:0023+0:0008�0:000585 8 0:570 0:0038 0:0321� 0:0021+0:0016�0:001185 8 0:570 0:0073 0:0298� 0:0019+0:0011�0:001785 8 0:570 0:0140 0:0260� 0:0018+0:0020�0:001585 13 0:335 0:0073 0:0304� 0:0017+0:0011�0:001385 13 0:335 0:0140 0:0301� 0:0018+0:0013�0:001385 20 0:175 0:0140 0:0299� 0:0018+0:0030�0:0017110 3 0:924 0:0038 0:0180� 0:0028+0:0009�0:0027110 3 0:924 0:0073 0:0138� 0:0022+0:0006�0:0006110 3 0:924 0:0140 0:0106� 0:0019+0:0011�0:0007110 5 0:815 0:0038 0:0237� 0:0028+0:0022�0:0016110 5 0:815 0:0073 0:0205� 0:0025+0:0013�0:0015110 5 0:815 0:0140 0:0207� 0:0024+0:0010�0:0005110 8 0:632 0:0038 0:0334� 0:0025+0:0010�0:0014110 8 0:632 0:0073 0:0287� 0:0021+0:0022�0:0005110 8 0:632 0:0140 0:0265� 0:0019+0:0017�0:0020110 13 0:394 0:0073 0:0303� 0:0019+0:0010�0:0012110 13 0:394 0:0140 0:0263� 0:0017+0:0017�0:0007110 20 0:216 0:0140 0:0284� 0:0018+0:0009�0:0009140 3 0:940 0:0038 0:0146� 0:0032+0:0014�0:0024140 3 0:940 0:0073 0:0112� 0:0026+0:0010�0:0010140 3 0:940 0:0140 0:0091� 0:0025+0:0017�0:000647



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:140 5 0:848 0:0038 0:0188� 0:0034+0:0022�0:0021140 5 0:848 0:0073 0:0148� 0:0027+0:0005�0:0023140 5 0:848 0:0140 0:0155� 0:0026+0:0013�0:0007140 8 0:686 0:0038 0:0349� 0:0042+0:0030�0:0027140 8 0:686 0:0073 0:0280� 0:0026+0:0004�0:0022140 8 0:686 0:0140 0:0238� 0:0023+0:0016�0:0011140 13 0:453 0:0073 0:0302� 0:0024+0:0011�0:0012140 13 0:453 0:0140 0:0271� 0:0021+0:0013�0:0013140 20 0:259 0:0140 0:0288� 0:0022+0:0043�0:0004185 3 0:954 0:0038 0:0137� 0:0057+0:0066�0:0020185 3 0:954 0:0073 0:0101� 0:0042+0:0014�0:0001185 3 0:954 0:0140 0:0136� 0:0045+0:0006�0:0016185 5 0:881 0:0038 0:0110� 0:0044+0:0003�0:0053185 5 0:881 0:0073 0:0107� 0:0029+0:0010�0:0008185 5 0:881 0:0140 0:0113� 0:0030+0:0012�0:0014185 8 0:743 0:0073 0:0207� 0:0029+0:0013�0:0020185 8 0:743 0:0140 0:0186� 0:0026+0:0015�0:0006185 13 0:523 0:0073 0:0314� 0:0034+0:0017�0:0017185 13 0:523 0:0140 0:0234� 0:0024+0:0016�0:0017185 20 0:316 0:0140 0:0322� 0:0031+0:0028�0:0039255 3 0:966 0:0073 0:0061� 0:0033+0:0003�0:0000255 3 0:966 0:0140 0:0038� 0:0023+0:0013�0:0000255 5 0:911 0:0073 0:0095� 0:0034+0:0027�0:0001255 5 0:911 0:0140 0:0082� 0:0029+0:0018�0:0019255 8 0:799 0:0073 0:0170� 0:0034+0:0023�0:0026255 8 0:799 0:0140 0:0233� 0:0036+0:0021�0:0014255 13 0:601 0:0140 0:0238� 0:0028+0:0011�0:0014255 20 0:389 0:0140 0:0252� 0:0031+0:0039�0:0015
48



Fit LPS (no interferen
e) Fit LPS max interf. IP -IR�2=ndf 162.9/153 160:7=153�IP (0) 1:11� 0:02(stat:)+0:01�0:02(syst:)� 0:02(model) 1:16� 0:03(stat:)�IR(0) 0:75� 0:07(stat:)+0:02�0:04(syst:)� 0:05(model) 0:68� 0:09(stat:)�0IP �0:01� 0:06(stat:)+0:04�0:08(syst:)� 0:04(model) GeV�2 0:12� 0:05(stat:) GeV�2BIP 7:1� 0:7(stat:)+1:4�0:7(syst:) GeV�2 5:2� 0:5(stat:) GeV�2nIR 2:11� 0:64(stat:)+0:26�0:37(syst:) 1:9� 0:7(stat:)Table 10: The values and un
ertainties of the parameters extra
ted from the Regge�ts to the LPS data, without interferen
e and with maximal interferen
e betweenthe Pomeron and Reggeon ex
hanges.

Fit LRG�2=ndf �2=ndf = 143:9=168�IP (0) 1:117� 0:006+0:022�0:007(model)�IR(0) �xed to 0.75�0IP �xed to 0BIP �xed to 7.0 GeV�2nIR 2:98� 0:39Table 11: The values of the parameters extra
ted from the Regge �t to the LRGdata and the 
orresponding un
ertainties.
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ross-se
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Figure 10: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(4)r , ob-tained with the LPS method in two t bins as a fun
tion of xIP for di�erent valuesof Q2 and �. The lines are the result of the Regge �t des
ribed in Se
tion 10.5.The inner error bars show the statisti
al un
ertainties and the full bars indi
ate thestatisti
al and the systemati
 un
ertainties added in quadrature. The normalisationun
ertainty of �7% is not shown.
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Figure 11: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LPS method as a fun
tion of xIP for di�erent values of Q2 and �.The lines are the result of the Regge �t des
ribed in Se
tion 10.5. The inner errorbars show the statisti
al un
ertainties and the full bars indi
ate the statisti
al andthe systemati
 un
ertainties added in quadrature. The normalisation un
ertaintyof +11�7 % is not shown.
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Figure 12: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LPS method (dots) as a fun
tion of xIP for di�erent values of Q2and � 
ompared with the results obtained with the H1 Forward Proton Spe
trometer(open 
ir
les). The inner error bars show the statisti
al un
ertainties and the fullbars indi
ate the statisti
al and the systemati
 un
ertainties added in quadrature.The normalisation un
ertainty of +11�7 % of the ZEUS data is not shown, nor is thatof the H1 data (�10%).
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Figure 13: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method as a fun
tion of xIP for di�erent values of Q2 and� at low Q2 values. The lines are the result of the Regge �t des
ribed in Se
-tion 10.5. The inner error bars show the statisti
al un
ertainties and the full barsindi
ate the statisti
al and the systemati
 un
ertainties added in quadrature. Thedata are 
orre
ted for the proton-disso
iative ba
kground to MN = Mp as des
ribedin Se
tion 8.1. The normalisation un
ertainty of �5% is not shown.
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Figure 14: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method as a fun
tion of xIP for di�erent values of Q2 and �at high Q2 values. Other details as in 
aption for Fig. 13.
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Figure 15: The ratio of the redu
ed di�ra
tive 
ross se
tions, �D(3)r , as obtainedwith the LPS and the LRG methods, before the subtra
tion of the proton-disso
iativeba
kground, as a fun
tion of xIP for di�erent values of Q2 and �. The lines indi
atethe average value of the ratio. The inner error bars show the statisti
al un
ertaintiesand the full bars indi
ate the statisti
al and the systemati
 un
ertainties added inquadrature.
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Figure 16: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) at xIP = 0:0003 and xIP = 0:001 as a fun
tionof Q2 for di�erent � values 
ompared with the H1 results (open 
ir
les), also ob-tained with the LRG method. The inner error bars show the statisti
al un
ertaintiesand the full bars indi
ate the statisti
al and the systemati
 un
ertainties added inquadrature. The ZEUS data are 
orre
ted to MN < 1:6 GeV as des
ribed in Se
-tion 10.4. The 8% un
ertainty on the 
orre
tion is not shown, nor is the 7% relativenormalisation un
ertainty between the ZEUS and H1 data sets.
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Figure 17: The redu
ed di�ra
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ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) at xIP = 0:003 and xIP = 0:01 as a fun
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ompared with the H1 results (open 
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Figure 18: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) as a fun
tion of Q2 for di�erent � and xIPvalues 
ompared with the H1 results (open 
ir
les), also obtained with the LRGmethod. The lines represent the expe
tation based on the di�ra
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tions \H1 2006 �t B". The inner error bars show the statisti
al un
er-tainties and the full bars indi
ate the statisti
al and the systemati
 un
ertaintiesadded in quadrature. The ZEUS data are normalised to the H1 data.67
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Figure 19: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) as a fun
tion of xIP for di�erent values of Q2and � at low Q2, 
ompared with the results obtained with the MX method, FPC I(open squares) and FPC II (open 
ir
les), s
aled by the fa
tor 0.83 des
ribed inSe
tion 10.4. The inner error bars show the statisti
al un
ertainties and the fullbars indi
ate the statisti
al and the systemati
 un
ertainties added in quadrature.
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Figure 20: The redu
ed di�ra
tive 
ross se
tion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) as a fun
tion of xIP for di�erent values of Q2and � at high Q2. Other details as in 
aption for Fig. 19.
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